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A Personal Intro

There are lots of good reasons why I thought it’d be good to put together a primc:r qfsorls on vent
management, but the main one is that my first vent experience was a near-disaster and I'd like to share wh.m
I've lcarned since then so that others can avoid what T had to go through. Talso think thcrc‘s some room for
diversity in how we, as an industry, present material to each other and move forward with our understanding of
complicated things. So my second hope is that this interactive style of writing can be of help to some folks and
maybe inspire others to do the same and build on the whole idea. ,

But to start with the awful beginning story: [ was brand new to an ambulance servicg in rural Nevy
Mexico, having moved from Pittsburgh about two years after | first gaf my medic. I was still green but felt I_lkc
I had gotten a lot of experience back in the city and was-(over“pej confident. Anyways, [ started at this
service in mid-November and this call I did was the dayafter JAfanksgiving, so | had basically just arrived in
NM and gotten settled in to the second EMS service | had ever been given medical control at. Things were
different for sure. Five- and ten-minute transport times had been replaced by ones much longer in our 5,000
square mile coverage area, the ambulances were giant machines that could be rigged to carry three patients cach
and would never have made it in the city alleys, and protocols/ capabilitics were a lot more lenient and included
vents, surgical crics, hiking in to patients broken in the woods - that sort of thing that this city boy just hadn’t
done before.

Oh, and also two-paticnt interfacility transfers. Our flagship hospital was in Albuquerque, one hundred
and eighty miles or two and a half hours away by bus, so it was hugely advantageous to load two patients in on
a single truck to avoid and extra six-ish hours of that sccond truck being gone from the service area. So when [
was asked if I was OK with a vent patient and a psych patient going up to Albuquerque at the same time I didn’t
say no and we started getting things together. Part of that prep process was another guy showing this guy how
1o use the LTV 1200, as T hadn't gotten to that part in my orientation and didn’t yet have the confidence to say
“no” to things I wasn’t comfortable with or ready for.

My five-minute vent lesson was subpar, to say the least, and then I was off to the big city with the vent
guy on the stretcher and the psych guy on the bench seat, two EMTs up front just in case I needed anything.
My first action when the vent started beeping was to press that handy “silence” button — per the lesson I had
received on the machine’s operation. When that didn't work [ figure it might be because the patient wasn’t
listening to the vent settings we had dialed in before leaving, so I paralyzed him with Vec — also per the lesson |
had received. And that worked for a little while. Then I started getting more alarms and a low sat, so I did what
all good medics do and disconnected the vent, grabbed my BVM and had the EMTs up front pull over so that
one of them could hop in the back and give me a hand.

Sats still stayed low, the alarms were yelling at me, the EMT was like “WTF, bro, get it together,” and |
didn’t know what to do, so I tuned the vent off, pulled the tube out and started over from the very beginning
with BLS airways and the BVM. So that happened and we had the airway secured, sats came up and then [
handed the bag off to the EMT and set my sights on restarting this vent machine the way 1 had been taught just
a little while ago. [t was during this process that I realized my connections from the machine to the circuit had
come undone. 1 must have stepped on them or something during the shuffle... Nowadays I would have simply
looked at which alarm I was getting and worked through a systematic process for addressing that alarm. The
whole fiasco would have been avoided. But back then I didn't know a single thing about vents, to include that

the text on the screen was relevant to getting the alarm to stop. Other than what I learned in my short pre-trip
lesson.

And that's just part of the story. One other part, don’t forget, is that guy on the bench seat watching the
whole damn thing and me hoping he stays cool enough that I don’t have to try and manage two patients
simultaneously. And another part is that even though I finally did get that alarm situation sorted, I still had
trouble managing my vent settings. I couldn’t maximize my SpO: or keep my EtCO: in range, my patient
would get super agitated every time the Vec wore off, ete.... So I returned back to small town New Mexico late
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on the day after Thanksgiving, year 2012, and decided then and there that [ was never, ever, going to be in that Some Very Basic Physiology
situation again

i As a disclaimer: the stuff outlined here is super basic and intended to give a foundation for the
fundamental concepts of vent management. One recommendation for looking into the details beyond this
(much of which comes up later when we talk about specific conditions) is a good, solid, heavy Anatomy and

with me on my long transports to Albuquerque — this was in the day before I had a smartphone, so Physiology textbook or any of the references listed at the very end.

e The Ventilator Book — William Owens (there was a kindle version at the time and I could take the kindlc7
couldn’t just pull up videos on my phone like I can nowadays!) ! |U¥’
e The LTV1200 Product Manual and DVDs (super exciting stufl... but I have since read the manuals for ( ‘1 [
4

lots of the equipment I have worked with and it does provide some useful information)

; y : i ) ! The Normal Breathing Process
e EMCrit Dominating the Vent Series (1 had to watch these at the coffee shop down the street, as 1 didn't \ il \
have internet where I lived — I was instead trying to grow food and tobacco in my yard back then, that /4% Let's start with a picture of what major components we are working with in normal inhalation and
2 ot ¢ H & Mo " / & F
and not get caught up in the “technology craze™) 30 exhalation. At its most basic we have the lungs and the large airways:

I later came across many other great resources and I will mention those as we get to them. And also, |
got on the technology train. Which I think is a huge facilitator of learning when used in the right way and |
hope that this little experiment can demonstrate that. If you have the print version of this badboy you can just

scan the QR codes for any of the 1y fe??ccs to access them (if available for free) or to sce where you can 'B
purchase them (if they want yuul@I hi s): if you have an clectronic version, just click the links. Andifyou _= 0c
have a version where the links don™t work because it isn't legit, that’s cool too: go here to get it all free and \'.l

official.

So now let’s jump into the weeds and see where we end up. Keep in mind that this is to be an ongoing
project and my first foray into this type of thing — so if you have feedback, just send it my way and offer either
to lend a hand or a valid suggestion. 1'd love to get more folks involved in this and make it both better and
more accessible for all involved :)

Kt

We also have the chest cavity and the diaphragm:

&
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‘ 1's OK 10 consider the lungs (o be “attached” to the chest cavity and diaphragm so that when the
diaphragm contracts or flattens, the lungs expand - this sucks air into the plural space via a negative pressure:'

e —F ahslaton
y Active process passive process
contraction of duaplcagn lanation of all (he things
{and Likcrvouta 3}
-
.Jr( %

s

Inside this same cavity lie the heart and great vessels (and most importantly to our discussion, the

iferior vena cava)
S o]
+ + r = %
1 1
]
H 4

So now we have a system that normally functions by contraction of the diaphragm (with or without help
trom the intercostal museles) to create a negative pressure, “sucking” of air into the lungs. Because this air
movement oceurs via a negative pressure, blood return via the inferior vena cava is facilitated by normal
ventilation® - this will be important when we move on 1o talk about positive pressure ventilation in just a
minute.

! This assumption mostly holds true for our need in the transport sctting, so we won't take it much further than that here
L Asizon. 2017 = Video that explains how this mechanism works
=8
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From there we need to zoom in and take a look inside the lung tissue. The image below shows blood
vessels encircling little sacs, known as alveoli, which are the homestay of the all-famous pulmonary gas
exchange where oxygen goes into the blood and carbon dioxide goes out:’

A simplified version of a single alveoli with a corresponding blood supply can help us understand the
(patho)physiology of different situations:

e e

A9
i

z,

- blood 2 \Q >

%

PBetts & fricnds, 2013 (iage) — This image is from a free online textbook that we take a few other images from also
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Next, let’s add some numbers to that graphic of a single alveoli and its blood supply.* Note that in real
life blood is continually moving past the alveoli and gases are constantly moving to reach equilibrium, so that as
carbon dioxide i1s oftloaded and oxygen is onloaded, there is a new supply of blood and a reset of the gradients
across that membrane. Plus this diffusion of gasses from alveoli to pulmonary capillaries happens very
quickly, so we generally aren’t worried about the diffusion of gases as a function of speed being the limiting
factor n this process*

1AT™M —)'Nhnmlin
PO, = 160mmlig

& PCO; = 0.3mmHg at the nlveoli:
ﬂ.l ol PO, = 100mmHg
I PCO, ~ 40mmHg
ol
f . /1/ b
/ f |
il f Ao

s pulmaonary capillanes
N PO; = 40mmHg

PCO, = 45mmllg

! 4

/

pry
bhecuuse there 15 an open system between the umbient air und the alveol,

the overall pressure at the alveoli 1s also 760mmHg, however the partial
pressures of the components are different along the way

It"s also worth mentioning that the pressure gradient or difference from alveoli to capillary is drastically
different when comparing oxygen 1o carbon dioxide: oxygen has a pressure difference of about 60mmHg, carbon
dioxide has one of just Smmllg. While this may seem, at first glance, to put the body at nisk of some sort of
imbalance, carbon dioxide moves mof [ectively through liquids, and thus the membrane between capillary and
alveoli, (roughly twenty times so) and lynct result is that oxygen and carbon dioxide exchange at about the same

rate
/:‘1 ! - .?

ke 1] -}‘117

et & frends, 2013 - They give all these values except for PO2; that one 1s cited as 104mml g, but we calculated it out n the
Appendix and use the calculated value c tency throughout this text

“Speller, 201% -~ Outlines how both oxygen and carbon dioxide diffuse in the pulmonary system in the context of gas laws, do note,
lowever, that certamn states can slow this process down (and we'll get to those later on')

- 10 -
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How is Positive Pressure Ventilation Different?

Next we need to consider what happens when we bypass the whole negative pressure mechanism for
ventilation and instead opt for a positive pressure approach.” Let's start at the top with the basic sketch of
airways and lungs superimposed on the chest wall and diaphragm. When we ventilate by positive pressure we
have to physically displace the diaphragm and chest wall while simultancously pushing air into the system —
this requires a lot more pressure that we needed for that negative pressure, spontancous mechamsm:

whalaton cahalation
ative process passive process
»ia “pushing” of air relaxation of all the things

by the machine

We will get to airway pressures and limits for them later on, but a normal plateau pressure (which
reflects\ulveolar pressure in positive pressure ventilation) is in the range of 15-25cmi0; compare this to the
” pressures represented in the following illustration:”

£ '3('
Zos
§ 0 mtrapulmonary pressure = alyeolar pressure
range is -1 to +Immig (or-1 4 10 ~1 dcmH;0)
(o)
= \ |
£ !
£ ; P
= 0 i R E— i |
] I -"1
'i—z ' y
i -4 i .
1
i = | N Intrapieural
~ ' prossure .
i EE T RO \rlnscn-znz-fmmH;(m-Zlm-KZcmH:m

© We are making un assumplion here that the patient is not contributing to this effort of breatlung: to say 1tanother way, this [
descnption is accurale for the patient who is not making any respiratory cffort or 1s out of synch with mechanical gfforts - in rca'l,ly 1! J! .
we can synch patient effort to machine effort to minimize the difterences and effects discussed in this section f—; wo viloe + =] {ff
" Rahatbudus g, 2013 (imuge) - Two things: we'll talk about the mmHg and cmH 0O conundrum at the end of the next section (in .
Measuring Pressures), alveolar pressure is the most relevant 1o our discussion for now, the concept gPtranspulmenary prcssur?éu\d I
therefore ingapletiral pressun d/ med here /" ]

e $ git

-11-
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The biggest impact of that increased intrathoracic pressure is the effect it may have on cardiac oulpuf We already saw how a pressure waveform might look over time with spontancous, ncgative pressure
Increased intrathoracic pressure can decrease blood return to the heart via pressure on the vena cava, resulting in breaths, so let's see how it looks with a machine delivered breath. Note that there are different types of machine
decreased preload and, therefore, less output.® Let’s represent it this way: delivered breaths in this diagram (plus some terms to discuss), and we haven't yet gotten there; that's totally

OK, we just want to point out some general trends here. Big takcaway: the left set of patterns (the normal)
nommal breathing positive prossure yentilation looks nice and smooth, without any harsh changes or drastic swings in amplitude; all of the others have those
-lmmHg (-L.4cmH,0) +18-25emll,0

< things w i ; ing is the graphic representations of the types of breaths (i.e. each column
blood retum AOK blood (potcatially) comprouised gs we don’t want. Another thing is that the graphic rep yp

of the three towards the right) are cach slightly different aadsometimes one mode will be more comfortablc for
a certain patient in spite of trying to do all the other things you know how to do':” 2 "ﬂl‘f é/(
X . _P
=l - . . ?po;l:vmm ASust vOlume A-m-:um " Presmurs support
raguisted volume control
1
J\ < J_

=
.~ [ ]
_ /JLV,LJT
LA AN

In an effort not 1o discourage anyone from ever putling a patient on a vent, there are some advantages of
positive pressurc ventilation and mechanical ventilation. Most obvious of these is that it allows us to breathe
for a patient in a relatively simple way when that patient is unable to do so on his or her own. More
specificglly, mechanical ventilation allows us to control and direct recovery with specific pathologies (such as

Other negative sequalae of positive pressure ventilation (which may stilkpegur even if we have all the
settings dialed in right!) would be patient discomfort, muscle fatigue/ weakeni d physiologic changes to
other body systems.'" And then if we have things dialed in wrong on the machlyleor don’t ventilate
appropriately based on patient presentation, we can also cause things like direct injury to the lungs/ alveoli and
hypoventilation (leading to shock). This is but a short list of the major things we'll worry about in this manual,
Just recognize that there is a lot of potential for bad and that’s why we need to know how to manage the
machine to the best of our collective ability and mitigate as many of these things as we can along the way.

A4 acidosjé, asthma, and ARDS; all of which we will discuss later on). Positive pressure can help move oxygen
il ' into ghe bloodstream more efectively, managing ventilation can help that oxygen get delivered more

effgctively, manipulating time spent at different parts of the respiratory cycle can increase the amount of time
AtThie body can participate in pulmonary respiration, etc. There are lots of good uses of the ventilator and we
ill get to all of them in due time, so don't worry if that got to be too much for a moment and know that in spite
f its drawbacks, mechanical ventilation and positive pressure ventilation do have their place in the cosmos.

*Strony, 2 Mahoiood & Pinshy. 2018 - Both this video and the article explain in more detail on how PPV (and particularly PECP) }

can af especially with concurrent h)‘W\‘Ollea; while it isn't always truc that PPV decreases CO (somictimes the opposite can 4 f ™

oceur), the PPV = decreased preload 2 CO sequence of events is most relevant 1o us in the transport setting [ 1y

¢ Tobin & (riends, 2010 — Outlines the idea that we can mitigale this conscquence by adjusting vent settings 1o require that the patient )’Z 7

make some intrinsic effort to breath; while their ending advice is 10 utilize an airway pressure waveform to monitor patient effort /

(something we don't routinely have in the transport setting), it sull provides valuable insight on the whole concept ' Juller & tnends, 2014 (1 Lage) - TS this assessment ot whatthe body “wants” in terms of smooth waveforms and avoidance of
10 Y artsey, 2019 — In fact, navigate to “Respiratory System' header at the top of this page and then down to the section on “Physiology harsh changes in amplitude is sciepfifically unfounded (as far as we know) and, rather, is a subjective concepl - it seems to make
of Positive Pressure Ventilation™ for more detail on all of this stufl’ intuitive sense, but there may not be a good way to verify the idea

-12- - 13-
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Other Important Concepts

Ventilation, Oxygenati l))l d Respiration \

e dry
he congefits that collectively repfesent breathi ;nt's chat about these three terms.'?
Ventilation refers to the gross movement of air as the body breathes in andwofit. Oxygenation refers to the
transition of oxygen from the air outside of the body, through the respiratory and circulatory systems, and to the
capillaries where it can be picked up by tissues for use. And lastly is respiration, which has two specific
flavors. Pulmonary respiration refers to the exchange of carbon dioxide and oxygen in the alveoli of the lungs;
cellular respiration refers to a comparable gas exchange at the tissues. H-thetps, he € arc a few images Lo

¢

represent all of that To o
Jl\m |\
b
|

axygenation

Just to differentiat

- n' ,"

—_—————

0 trom ambueet aif © lurgs Langs (ahveut) 80 biood Whaad s culls of e beady

pulmonary respiralion cellular respiralion

O
it

Gy
|

>

» blood

Y

12 ferts & fmiends, 2013 - Explains in more detail the processes of ventilation (dcetion *2 1) and respiration (Section 22 4)
L
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There 1s some overlap between oxygenation and pulmonary respiration in this context, but 1t helps to
separate these ideas out. When managing the vent, we are most focused on the processes of ventilation and
oxygenation. While respiration (in both forms) is very imporiant, our ability to manipulate these processcs isn’t
as straightforward as it is with ventilation and oxygenation; 'o,lhe part of respiration that we can impact, the
pulmonary part, is covered in a roundabout way by our actions to address oxygenation. We will come back
around to this idca in a bit when we talk about how to control both ventilation and oxygenation by changing

hdlt'f'crenl parameters on the ventilator.

Dead Space'’

Dead space can be an intimidating concept whef it comes to vent management and we are going lo try
1o both simplify it and identify specific situations in which it matters in the context of paticnt management. To
start with, there are four types of dead space that we will giscuss: anatomic, alveolar, physiologic and 1 )¢ ig”
mechanical. We don't always see every onc of these ts discussed in references, but we will digcusd them
all here to make sure that our understanding of dead sphce is complete. Dead space, as a term, can be used to
describe any one of these subtypes, but it helps to recdgnize which type of dead space is of concern in a given
situation.

To start things off, anatomic dead space is the air involved in the respiratory cycle that does not
participate in gas exchange. As represented by the blue lines, it starts at the naso- and oro-pharynxes and
extends down to the terminal bronchioles:

Another way to describe anatomic dead space, in light of this graphic, would be just about all the air
involved in a respiratory cycle other than what ends up in the alveoli. Now this graphic isn't to scale, so it sort
of seems as if dead space is the majority of the air involved in a respiratory cycle, but that isn’t the case. There
are tens of thousands of terminal bronchioles in a lung and hundreds of millions of alveoli," so the majority of

B Varisey, 2019 — This 1s the best content we've been able to find on this subject, very thorough and with references to more
information along the way

1 ety & friends, 2013 And just to clarify some useless mvia: the teminal bronchioles (marked by the thick blue line in the far right
side of this photo) are different then the respiratory bronchioles, which are the stems distal to that blug line that feed into cach cluster
of alveoli

-15-
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arr ends up in the alveolt. It's also worth noting that this process is dynamic and that anatomic dead space refers Last type of dead space is what we will call mechanical dead space. Mechanical dead space, which may

to the air outside of the alveol and tespiratory bronchioles when those alveoli are fully inflated at peak of also be noted as equipment or apparatus dead space, is the dead space that we add on to the system with our

mspiration. As for quantifying this value: normal anatomic dead space 1s about 2ml/kg or about 1/3 of tidal equipment: vent circuits, ECO: detector, HME,'* etc. To be a bit more specific, it refers to all the things from

volume where anatomic dead space starts (oropharynx/ nasopharynx) to where exhaled air leaves the wye of the vent
Anatomic dead space is most relevant in our discussion of ventilated patients when we need 1o alter phe circuit:

amount of ar that participates i alveolar gas exchange (i.c ventilation). We will talkc about this more latef but
we basically have two options when it comes to mcreasing the amount of aipto the alveoli: increasing the
Irequency at which we deliver breaths or increasing the amount of air per breath delivered. If we add one
breath to the equation, we must consider anatomic dead space and thérefore the amount of air to the alveoli is
less than the actual volume of that entire breath On the other befid, 1f we simply add volume to breaths already
being delivered, we actually get that additional volume at the alveoli because anatomic dead space has already
been considered for each breath. We will retury 10 this idea-again-ter twith p-few ithgstratons); sogt of
1K {.«f B

imaginary barrier between g
anatomic dead space and (

air comes in Via

makes sense o mention it now. f Fealy v
The mexrtype ol dead space is alveolar dead space. Alveolar dead space refers to the air in the alveoli

that doesn’t participate in gas exchange. This can be due to a few different things: decreased capillary blood

flow, huid in the alveoli, damage to the alveolar surface, ete. Regardless of causc, any time that alveolar air is

linuted inits ability to participate in gas exchange, we getalveolar dead space. In the normal human hxﬁdyN M,/ wf
alveolur dead space 1s close 1o zero and we assume it to be negligible. In the sick or njured human body, > “ﬁ'

however, we assume some alveolar dead space. While there is a way to caleulate this value (sce Appendix), \"J., of ET tube on vent circuit
knowing that number doesn’t routinely help in the transport setting. Instead, we assume alveolar dead spacen .
all ot our paticnts and proactively take steps to accommodate that with our scttings. - ') f//’ ’

Interventions to address an assumed alveolar dead space would be ensuring adequate oxygenation, / mechanical dead space

utihzing appropriate ventilator settings by patient size, and proper patient positioning. Al of these things will
be discussed in sections 10 come, so no need to remember them here. Just know that the takcaway in regard to P

N — ot Lecilslon d d we do whal we can t mitieal % g) Mechanical dead space is a problem because it increases the amount of “used up air” with which new air
'\'\,‘“' AL Ceacapaceis llu “hc n[ Ry .mu:lnc :““h le‘: ‘\Io:;w SErevian 1“':1 0: ":! we "'"I‘ :n" 8t ﬁu’ q ¥ must be mixed before it gets to the alveoli. In the normal human being, fresh air is pulled into the airways
(st ease seenario s that the lungs were healthy and that there was no alveolar dead space (o begin with an ¢ 2071 Starting right at that imaginary blue line in the above picture; in the ventilated patient, fresh air begins at that

that's totally fine — none of the interventions we do here would cause damage 1o the healthy lung. On the other
hand, 1f we forget to make this assumption in a patient that does have some degree of alveolar dead space, we
can nerease mortality, delay recovery and decrease the patient’s ability to compensate for other threats that
might come up during the clinical course (i.c. an infection along the way).

Nexton the listis physiologic dead space. Physiologic dead space is the sum of anatomic dead space
and alveolar dead space and represents all of the dead space before we introduce our devices into the system. In
the healthy person, we often assume no alveolar dead space and therefore physiologic dead space is equal to
anatomic dead space. .Bcc::.usv: of this rqlalionship. l!u: terms somelimes get used i::_lcrchungcuhiy.l While there overall dead space may be negligible as far as amount added versus amount taken away, we still want to
5 lh“\.‘lL‘lll.'L',. the utility ul_ knowing this fact doesn’t much help our treatment u_fsu.‘k [_)cuplc, so from here on maximize efficacy of ventilation and minimize unnccessary things in our vent circuit when possiblc. And we'll
out we will refer to anatomic dcu|:| space qnd al\.colur dead space and ignore the idea of physiologic dead space come back to this concept in the Appendix and try-te-smake-it-aH-o-Hittte-mosecloar t/"ffl
in an effort to be more specific with our discussion. There is another related concept to consider in this discussion of dead space thagdoesn't quite it any of

the types above. We like to think of all of these volumes as fixed quantities of air, but the truth is that the
containers that hgdd these quantities of air a Xible or have stretch and therefore we sometimes see
differences in g expected versus actual v ne example of this is that the amount of air we put into the
system (tidal ¥olume) doesn't always n p exactly with air out of the system (exhaled tidal volume). So
where does (hat air go? Some of it stays/in the alveoli (see upcoming discussion on recruitment), some of it
leaks around our ETT cuff, some of it is lost to the tissues and airway structures, cte. While this isn’t exactly
dead space per se, it helps to recognize that it is a thing that can cloud our understanding of air volumes.

/ wye. We've discussed this effect in the Appendia, but suffice it 1o say that we should try to minimize
mechanical dead space when possible (i.e. think about whether or not an in-line suction device or HME is
needed rather than placing it blindly for all patients) and that the effect is more pronounced with smaller
patients and higher respiratory rates (i.e. pediatrics).

One last thing about this concept is that there is a silver lining to our concept of mechanical dead space.
The ET tube actually creates a narrow passageway from the teeth/ lips (where we drew that blue line) down to
the trachea, essentially negating the dead space of the naso- and oro-pharynxes. So while the net change in

\ Another place where this comes into play is with the vent circuits themselves. These plastic wbes are

\"\{ O’ ) not rigid and do have a certain amount of stretch to them. If you look on the package of the tubing, there is a
. r\\\k value that says how much volume of stretch a given circuit has per unit of pressure. We will return to this idea
‘\\ o again in later sections (once we discuss a few of the concepts mentioned here) but know that in volume control

" Ieat & Moisture Exchanger, discussed more in Humidifiers
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1isis particularly relevant with httle patients (partigdlarly nfants), as the impact of this effect (ratio of

ventilation we may fnadvertently overestimate the umulynl of air delivered if we ignore the streteh ol the cireut.
misestimation to potential outcome) 1s more pronounced with smaller breaths (i.e. lower udal volumes)."*

Hypoxic Pulmonary Vasoconstriction'’

Hypoxia n the pulmonary vascular bed resulls i vasoconstriction (thus the term, “hypoxic pulmonary
vasoconstriction” or HPV), which is opposite of what happens in systemic circulation. This mechanism helps
the lungs 1o avoid wasting blood supply to part of the lung that isn't getting enough oxygen= it’s a mechanism
1o conserve resources and maximize elliciency of the system. Just as with other vasculuf beds in the body, the
pulmonary capillaries are ina constant state of flux and respond by opening and clgsingito the needs of the
system and the av ailability of resources (oxygen, in \his case, being the driving [pfee). =

Carrying on this conversation with a new term: HPV helps o avoid vepfilation-perfusion mismatch
(V/Q mismatch'™), which could look like enther of the following:

o

hir | b

[he left side Mlavor of VIQ mismatch demonstrates alveolar dead spage. 1t showy/that air supply or
oxygen in the alveolus is in excess of blood flow and therefore some of thatoxygen it get utilized, The
night side state 1s what we call a shunt. [n a shunt, blood ends up passing through the pulmonary vascular bed
without getting its full complement of oxygen. And it isn't always the case that the mismatch is due to volume
of air in the alveoli as shown, it can also be related to some kind of impediment that prevents the movement of
air out of the alveoli - examples of this would be pulmonary edema, ARDS, and pneumonia. In either of these
cases, dead space or shunt, HPV is basically the bady's mechanism for reversing this type of mismatch.

Npw one thing to know abaut this whole process is that it goes both ways: vasoconstriction is the
responsg/to hypoxia in the pulmonary capillaries and vasodilation occurs when oxygenation is adequate or that
hypoxiLstate is resolved. We might consider these Lo be similar processes, just in opposite directions. There is
a distifiction, however, in the rate at which either change happens. The initial hypoxic vasoconstriction side of
things happens on the order of second to minutes; the reverse process (vasodilation) typically also oceurs
quickly, but can happen much more slowly (up to hours) or incompletely (without complete reversal of the
vasoconstriction) when the HPYV response has been sustained for a while.

The HPV response and the fact that it may take quite some lime 1o reverse helps to explain (in/part) why
we aren't always able to fix our vented patients as w oIl as we want to in the short span we set to hang with them

He also discusses this idea i lus book on vent management

wf u‘n’li' T }ix

Describes how this response can be inhibited my ceitain inlerventions, outlines the role of PV in

——— Y deo
17 For more reading on the subject
Dupham-Snary & (pends, 2017
different pathologies
[umb & Shnger, 2013

(o the elfect
18 Apason, 2019 - We just left out the idea of Y/Q ratio in this discussion, but take Jook here for a quick explanation and overview of

_Outhines the imelines discussed; also discusses a number of relevant pll-lmmculughnl agents that connbute

how this concept looks
SR

n transport.
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It also helps bring out the idea that just because a patient doesn’t look awesome when we get there

doesn’t mean that the sending facility or crew has been doing things wrong - they may be taking the night steps
and called us before enough tme passed for the fix to work its way out. There are many more intricacies and

effects of HPV on the body (see all those references on the previous page), but the main point at this juncture s
{hat we may not be able to fix a super sick patient quickly. And that's just finc — we do what we can (as we will

outline soon) and recognize that there are limits 1o what results we can expecl.

Alveolar Surface Area

Even though we have been demonstratinf the alveoli-capillary interface as a single blood vessel running
past the air sac, 1t is important to recogmze (again) that this is simplification of how things really are and that

the surface of the alveoli arc covered by a network of vessels:"”

When we inflate the alveoli we get more surface area and that means more interface between air and
blood. In addition, inflation of the alveoli causes the alveolar membrane to stretch and become thinner,
allowing for easier diffusion of gasses: ™’

-

3> more surface area
&
thinner membrane
© gty & lricnds, 2017 (mage)

20 And we spell this out in much more detarl in the section on Oy genation (& SpLY)

S19-
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More surface area a and thinner membrane makes it Guany
alveoli o the circulatory system,*! so lots of our mterventions with the vent are focused on this idea. That said,
there are things that can get in the way of this improved gas exchange even if we do get the surface area up and
membrane thinned out. Think of these as things that impact access to usable alveolar surface area:

s/
&) i

toxins can imjure the  fluid can unpede gas exchange
membranc directly across the membrane
All ol this means that in order for efficient gas exchange 1o occur, we may have to manage multiple
things simultancously. We will get to all of these different things eventually, just know that the whole process
1sn"tas simple as it seems at first glance.

Lung Size

Second to last thing related 1o underlaying physiology before we move on 1o talking about the machine
lung size 1s most swongly correlated with patient height. Because of this, we use a patient’s height 1o calculate
an ideal body weight (IBW)* when doing vent things. The idea is that a six-foot dude could weigh either
1201bs or 3001bs and the size of his lungs wouldn't change. There is a formula to caleulate IBW for both males
and females 4ypadally presented as a hybrid of metric and standard units:

¢¢if:
‘\ IBWauses (kg) = 2.3(height in inches) - 60) + 50
IBWnks (Kg) = 2.3(height in inches) - 60) + 45.5

For the metric enthusiasts, we also have it as so:

IBW s, (kg) = 0.91(height in ecm) - 152.4) + 50
IBWona (kg) = 0.91(height in cm) - 152.4) + 45.5

T Desan, 2012 - We ctle this video i Oxy genation (& Sp0Q:), but here it is now if anyone is curous before then
' May also be referred to as predicted body weight (PBW)
-20-
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Or we can use charts like this:?
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As an aside, some people remember this formula for IBW as “inches over five feet” as shown below.
Only problem with this is that it gets tricky if you have someone under five feet. But cither way works:

Vg
IBW.iuss (kg) = 2.3(every inch over 5°) + 50 o 'I? h’i’g
IBWeniks (kg) = 2.3(every inch over 5') + 45.5 / // rg i {? s 7
When dealing with pediatric patients, our go-to reference ought to be the Brosclow Tape. If that isn’t
available, we do have some formulas you can refer to:**

Infant Weight (kg) = 0.5(age in months) + 4
Little Kiddo (1 - 4 years) Weight (kg) = 2(age in years + 5)
Big Kiddo (5 - 14 years) Weight (kg) = 4(agc in years)

And note that the Broselow overlaps with the equation/ chart above, so if we have a really small grownup or
a big kiddo, we should still be able to get an IBW just fine. So no excuses! And very last thing: there are some
apps oul there that can help with this sort of thing, both for adults and for pediatrics.**

2 NIILBLARDS Nedtwork, 2014 (image)
* Graves & fnends, 2014 — There are lots of formulas out there, but we weptwith recommendations from these guys based on this

paper they did companing different methods
# Coucal- Medieal Guide & Padi STAT  « g )a g{‘& * 1 yﬁf
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Measuring Pressures

During mechanical ventilaton we measure pressures in centimeters of water (emilh0). You may
oceasionally hear this pronounced as “sonmmeters of water” and know that a “sonnimeter” and a centimeler, #-
{his-eontext are the same thing, So we have cmil:O with mechanical ventilation, but we generally talk about
ambient air pressures in other terms, such as mmHg, kPa, PSI, ete. We skimmed right on past this concept ina
previous section when we said that Immltlg is about 1 4cml 1.0 (this was when we talking about the fact thata
pormal negative pressure, spontancous breath only talks -lmmlig of “suck” while a typical positive pressure
breath via machine takes 15-25cmH:0 to move an equin alent amount of air), but let’s now put it all down in a
quick chart just to clear the water (or air) ¢

“ATM | PSI | KkPa mmHg | emH;0
ATM | 1| 147]1013) 760 1033
pst | 0068 | 1 | 6X9 | 517 703
kPa 00098 |0145| 1 | 75 | 102
mmblg (Torr) | 00013 {00191 0133} 1| 136
! cmil; O 0.00097 | 0014 098 | 0736 1

Also note that we assume that ambient %sxﬁc ;ﬁ 1 rcl';':lcs. (o airway/ vent stuff is zero, so while true
atmospheric pressure at sed level is 760mmHg/ we call it OcmH.0 to make things casier.?” And then we have a
way o represent breaths we give as waveforms showing pressure as a function of time with this new zero point
(representing atmospheric pressure) as the baseline. For now we are going to ignore PEEP (since we haven't
discussed that yet), we also don’t have to worry about the specific components of the waveform — all those
things will be discussed later on:

“

’)) ii' (p,
LT
(7D i,

/N

me =2

- pressure

)
e 1o ptO

/

-

' We built this chart by Googling copversions tor these values
7y grises 2019 = Seroll down to the section called “Airway Pressure” for some fun (and likely useless) tmviaon why we measure/
label pressures the way We do

R
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Modes of Ventilation
(

This next section discusses how we organize ¢ ¢ delivery of breaths to a patient We've distinguished
this concept of “mode” with that of “control” (sce ne { scction) in order to make things casicr 10 conceptualize,
but the terms sometimes get used with a bit of overlap. It helps us to think of mode as the overall paticrn-er

nd control as the specific way we choose to deliver breaths, but we may see those 1deas
represented differently clsewhere. Now that we've clarificd that distinction, we'll confuse it a bit more by
starting our discuss of modes with one that includes the term “control” in the title. We recognize thatit gets a
bit complicated, but hopefully it'll all make sense soon'

Controlled Mandatory V entilation

Plain old control ventilation or controlled mandatory ventilation (CMV) is a mode of ventilation that
isn’'t utilized much these days and doesn’t exist as an option on many transport vents,™* but it helps as a starting
pont to understand the other modes. In this mode we dictate how often we want 1o give breaths and how much
of a breath to give on each of those instances and we ignore whatever the patient does in respons¢ 1o that.
Seems OK for patients with no inherent respiratory effort, but it can pose problems with those who do have
some respiratory effort that doesn't quite mesh up with what the machine wants to do Let's assume a
hypothetical timeline running left to right over an arbitrary amount of time with blackT«ashes to represent

~\z) uk' *\L A(d

machine-delivered breaths:

3 ume P

Now let's discuss what happens when the patient tries to breathe during this underlaying delivery
scheme in each of these cases: more Of Jess in the middle of two machinc breaths (green), just aflera machine
breath (yellow), and just prior to a machine breath (red):

I

3 tme > /4X ) I fhl Tf

In the green situation, the patient is free to take a breath if (s)he can and the maehine-delivgred breaths
are likely to be unaffected. That said, the machinc doesn’t make any effort to facilipte the gree 1 breath, it just
passively observes the patient struggling to breath. In the yellow and red situations the patienybreaths and
machine breaths can interfere with one another lcading to discomfort and less cffective air defivery. None of
this is of benefit to the patient, $0 {he idea moving forward 1s that we need a strategy that works alongside the
paticnt and helps meet an expressed need. Synching the machine with the patient improves comfort, conserves

I
2 That said, we can generally adjust setlings in cither AC or SIMV 10 ventilate the patient as i they were in CMV —it’s justnota
defaull option because we assume we want to support patient ¢ftort to breathe
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resources, facilitates recovery, reduce negative effects of positive

pressure ventilation, and gives us more
control over the management of the patient

As

t Control (AC)

AC ventilation is a mode that augments a patient’s spontancous
amount of wir when inspiratory effort is detected 2
breaths, the machine would recognize that the
on each of those occasions.

respiratory effort by delivering a preset
In the case with the green, yellow, and red patient-triggered
patient is trying to breath and then respond by giving a full breath
The obvious advantage here is that the patient’s expressed need for more breaths
perunit time would be met. There is, however, a difference in how each of those breaths gets actualized.

With the green breath, there is space (in time) on either side of the breath, so the machine can assist the
green breath without affecting other breaths in proximity to the patient effort:

= tme 9

().

The difference between those breaths can be represented via those pressurdoverstime waveforms that we
mentioned before. Note the dip in pressure at the start of the second waveform as l\hﬂ\uxicm breathes in - this
ts the effort that gets sensed by the machine and then a full positive pressure breath is then given:'
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The ideal AC situation might look something like this where the patient’s need for more breaths are met
\l, and that need, in the form of inspiratory effort or “pull,” doesn’t interfere or overlap with the scheduled breaths:

= A complete discussion ot Triggers and how all that works is deferred until later on
" Now this graphic makes 1t seem as 1t a pressure change detected by the machine leads to an assisted breath; while that could

potentially be the case, the more common situation is a flow tngger, regardless of the trigger, however, the drop is pressure as shown
m the graphic would occur in either case
-24.
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= ume >

Moving forward, however, we have the proximity of breaths to consider. In the case of the yellow
patient effort, the machine breath occurs just prior and, if airway pressures haven't had time to settle back to
bascline, the breath may get missed or ignored. Now this depends on how the machine is set up and we can
generalize 1t by saying that the further along the breath is or the closer the pressure has retuned to baseline
makes it more likely that the breath will “catch™ and result in that full delivery. There are two possible
outcomes: one in which the trigger results in an assisted breath and one in which the trigger does not result in a
breath and the efficacy of the machine-delivered breath is simply altered somewhat:
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These yellow-effort situations are mostly safe for the patient, but may cause some issues related to slight
higher pressures (lefi side, note the drift of maximum height on waveform) or discomfort (right side, due to an
expressed need that goes unaddressed). That said, a combination of green and yellow effort is Just fine for our
patients in AC mode and allows the machine to adapt to what the patient wants in real time:

. | l |

!

|

{ 1
| ‘ | |

The issues with AC mode begin when we get those red-effort situations in which a patient-triggered
breath precedes another breath. That other breath can be either a machine-delivered breath (as shown in the
initial graphic) or another patient-triggered one (as in a sequence of patient triggers/ effort in rapid succession):

- ume >
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1f two breaths like this happen in close proximity, we run the risk that the first breath may not have ime

10 cycle through before the nextis delivered: we might get a breath on top of another or “breath stacking.” This
can increase pressurc in the system and cause a complication known as AUtoPEEP in which the pressure in the

system doesn’t get back 1o pascline before we add on another breath. We will discuss this further on down the
line, but note that this is the primary draw back to the assist control mode. And here's another way to draw 1t
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Synchron)&cd Intermittent Mandatory Ventilation (SIMV)

SIMV is alternative mode of ventilation that also seeks to mitigate the shorlcomings of CMV. SIMV
idea of mandatory breaths or a guaranteed number of breaths to be given per minute. It then will
caths taken in between these mandatory breaths. Furthermore, SIMV recognizes when patient effort
is made ih close proximity toa pre-scheduled mandatory breath and assists that effort in a way similar to how
breaths were assisted in AC mode. Now there are more difference between these various 1ypes of Breaths and
we'll circle back to that eventually, but let’s focus on the timing aspect of SIMV first. Let's go back to our

original idea:

of patient effort is to break the timeline
If a patient effort happens within a
a manner that we will

starts wit
support

> time >

SIMV's method for determining how to handle the instances
into two altemnating categones: mandatory and spontaneous periods.
spontancous period, it gets supported and that effort is facilitated by the machine in
discuss real soon;"" if an effort occurs within a mandatory period it gets nssislcn{ a full breath is dclivcred.)and

4\
/ | ST the breath that had been planned for that mandatory period gets skipped: 4
¢ / A
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To summarize, AC mode machine-delivers breaths at a set rate and will supplement that w a1 ! VIR L mandatory periods ¥ S ~ — Y
breaths whenever a patient effort meets the trigger threshold Upsides to this are that the increased needs ut‘fhc Y = :
patient are readily met, downsides are the risk for increased pressures and a Move away from baseline \W \ ‘ :
(AutoPEEDP, which we will return to later). Asa general rule: anytime you have someone 1n AC mode yﬁumi .
10 be vigilant and monitor both airway pressures and AuloPEEP. spontancous perods 3 . " . S D
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As far as the difterence between supported breaths (green and yellow) and assisted breaths (red), the
idea is that supported breaths only geta little bit of help from the machine and the assisted (red) breaths are
fully facilitated by the imachine to a target amount of air, just as in AC mode. Supported breaths are always
supported via pressure, which basically helps the patient draw a breath a little but easier; * assisted breaths are
carried out to meet specific goals by the machine based on settings we input and can be either volume-targeted
or pressure-targeted (which we will expand on in the next section). The practical difference is that pressure
support (PS) breaths will give us a variable result that depends largely on the patient’s contribution to that
specific breath, while assisted breaths are At more predictable.

At the risk of getting ahead of ourselves, PS breaths are often expected to be less than or smaller than
mandatory and assisted breaths (in terms of volume of air). While it may make sense (o titrate PS up so that

J———

2015 - This video demonstrates the idea in another way by way of a discussion about “IMN™ ventilation (versus SIMVY)

Ol
12| gderseito, 2018 — This series provides alternalive cxplanations 1o this concept as well as many of the others we will discuss along

the way
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supported breaths match the other ones m this regard, i isn't quite as simple as increasing the PS value on the
machine. That saud, there 1s no reason that the volume of air in a P'S breath should be less than the other ones,
i's more an issue that it often just happens to tum out that way because the nitty gntty details as to how these
difterent Types of Breaths are brought mto existence by the machine. *!

And a few more things about SIMV mode. [t originally came onto the scene as IMV mode (minus the
“S") and did not include PS to breaths during that spontancous period. You may see SIMV as we described it
notated as SIMV + PS 1o better describe that difference. Another historical tidbit is that the mode was
popularized as a method of weaning or getting someone transitioned from vent life to spontancous breathing
after an illness or mtervention — the efficacy of SIMV for weaning has since been shown to be inferior to other
methods  The result of all of this is that content on SIMV s often confounded by stuff that more accurately
relates 1o IMV and that draws conclusions from a concept (weaning) that doesn’t much matter in the transport
setting
To summarize, SIMV is a mode that both supports patient effort to breathe via PS breaths and avoids
breath stacking by not delivering breaths in close proximity to others. More specifically, SIMV avoids the
problem of AutoPEEP that we discussed in regard to AC mode. On the other hand, SIMV has been associated
with ventilator asynchrony and can be harder to both conceptualize and monitor than AC ventilation (due to
ditterent the different Types of Breaths involved). In addition, SIMV is less able to meet a patient’s expressed
need for more air, as supported breaths are less predictable than assisted ones.

And Beyond...

Now that we know about both AC and SIMV modes, the decision becomes which mode 1o use for a
given patient. While many folks have their preference and we could argue one over the other all day long until
we are both blue in the face, the bottom line is that either mode could work for just about any paticnt type.
Here's the general strategy we'll recommend (and we will revisit this idea again at the very end when we talk
about building out a protocol” guideline and putting it all together): if we have a patient alrcady on the vent and
alls well. just stick wath whichever mode they are working with; if we are starting from scratch or reworking
the settings altogether, try what our machine defaults to and then change modes if we need to down the line.
That's about as simple as you can make it

Al LA cad  Ymr o (Boeg
;“,4\“-9 ol ﬂf oﬂ"

Pep o o Ssctecp i swmy——itd
ttrokees—— X

Noer 74

s e j'r;

X
Wi

[exs, 2005 — That said, the primary function of pressure support breaths is to relieve workload required by the patient and facilitate
intnnsic respiratory effort, this 1s fundamentally different that a pressure control breath (discussed soon) in which we ulilize pressure
10 deliver a breath regardless of patient effort. Hess+300S) discusses how additional PS may not correlate as expected with an
\ncrease 1n TV due to additional factors on the patient end of the equation and the tact that flow 15 controlled via rise time. All that
said, pressure support breaths can be manipulated 1o deliver larger volumes if needed, and 1f that doesn’t meet our patient needs we

ought to switch things up and try something clse. Hapefully this will almake sense by the end! 2
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We already discugsed the first big£hoice in vent management: which mode (AC vs SIMV) to utilize for
our patient. The next defision is to choghe whether we want to control volume or pressure. If we choose to
control volume, airway pressure will fufiction as the dependent variable (1.¢. we won't be able to directly control
it); if we choose to contfol pressure, tidakvolume will function as the dependent variable. There is no right or
wrang answer 1o this easundrim, but the general trend 1s that we use volume control in most cases and pressure
control with pediatrics™ or when they are especially concerned about airway pressures. Not saying this is the
best decision, just saying that's how it's been done.

The reason for this is twofold. First (and arguably most relevant), the machines tend to default to
volume control mode unless you do something to intentionally get out of it (such as choose “infant” on the
patient type category).** Second, volume control is a bit easier for some folks to wrap their heads '.:rg)ﬁ'nJ— i's
a little more intuitive to think about set volumes and resultant pressures than it is the other way 2:8umd. But as
we said above, there is no right or wrong; we can just as effectively and safely ventilate a baby in volume
control as we can an adult in pressure control (even though this is contrary to what we normally do), as long as
we know the underlaying concepts and keep an eye on all the important things along the way!

Volume

In volume control (VC) ventilation we choose how much volume we want to push down the circuit with
cach breath delivered. This tidal volume that we put in goes to the lungs, does its thing at the alveolar level, and
then gets exhaled out of the circuit. When we say “tidal volume” we are referring to the air going into the
system from the machine; those other two concepts (alveolar tidal volume and exhaled tidal volume) vary from
that value dug jo a number of different factors. Let's sce how this looks in a graphic and then we'll hash out a
few details )ﬁf Il these terms:

A

tidal volume

o breathing
’ machine

/
/

——

exhaled udal volume

alveolar idal volume

—_—
—

“ Kneyber & friends, 2017 - Note that even the people who make the rules on pediatne ventilation don’t endorse one method of
control over anothe,.—
" Intentionally é ng 1 |wmplc'mm|mmng the number of changes thal need o be made isa perfectly legitimate argument for
doing somelfufigy ;2“: retum to this sdea l:\!tig\,hcn we talk mnn to sefup The vent get |h|'nw from scratch,
bupic 1dta is llr.i!'u)ﬂw absence of a BETIEr reason we should just leave default settings as 15 so thal we have less o worry about in the
moment.
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But wait a second, 1sn't the actual defimtion of udal volume the amount of air moved during exhalation?
That is true. But! We have a specific term. in this context, for exhaled tidal volume and we need another term
for the value we dial in to the machme, so it helps us to ignore the literal definition and break those two
concepts up as we have just shown And to review what we discussed previously about dcad space, the alveolar
udal volume is normally exhaled tidal volume minus anatomic dead space (which is about 2ml/kg or 1/3 of tidal
volume), so about two thirds of what we push into the system

Now what about those other kinds of dead space; mechanical and alveolar? As for mechanical dead
space: this value Jdoesn't actually alter volumes. rather it alters partial pressures of gasses within the volumes of
air in question. Which means we don't have to worry about it for now. For this discussion, let's keep it simple:
we already know that we want to limit mechanical dead space as much as possible, but m the context of tidal
volumes and the physical amount of air mov ed during each breath we can ignore it. Alveolar dead space, on the
other hand, can only partially be ignored. We e qgnore calculating a value for al\*culur!‘l]‘;id space, but we
need to take actions o address it just in case ( as we discussed before and will discuss Hater).

And what about that flexibility or strgtch we mentioned in our discussion of dead space? We said then
that the vent circuit has some give 1o 1t that can confound our approximation of the amount of air delivered. We
factor that out by assessing volume by looking at exhaled tidal volume. To say 1t another way, when we want to
know how much air we are giving o our patient, we look at the air leaving the lungs (that actual, textbook
definition of tidal volume) and not at the air we push n from the maching, as there can be a notable difference
between the two And in the event that exhaled tidal volume is not available on a particular machine, we just
have to assume that volume in (udal volume) 1s equal o volume out (exhaled nidal volume).

To summarize all of this: VC ventilation allows us to control the amount of air we put into the vent
arcuit. While we mostly care about exhaled tidal volume and alveolar tidal volume, dialing in a tidal volume
on the machine is the closest we can gel {o controlling those values. Tidal volume 1s a precursor 10 both exhaled
udal volume and alveolar udaly olume and we should always make adjustments 1o the system using exhaled
udal v olume to elimmate the effect of dead spacew hen we can. In addition, we need to remember
that alveolar udal volume 1s about two thirds of exhaled udal volume (factoring out anatomic dead space) and
(hat there may be some of that alveolar volume that doesn’t get 1o play gas exchange (alveolar dead space)
While this may have scemed like a bit of tangent, this is important!

Next bit: when we dial ina uidal volume and move that air through the circuit to the lungs and alvcoli,
the result is an INCTEase in pressure that is dependent on the amount of air going in and how that air moves. For
now, we will defer a discussion of how we describe this air movement (1.¢. its speed or flow and all that), just
know that pushing a preset volume in means that pressure changes happen as a result of that air movement and

that certain pressure changes (i.c. too much air 100 fast) can cause damage 10 the alveoli. wl—-
prrHooT C\‘n_r[@v:-ﬂud—hm'-wmrd'mmﬂc TASTOT=SITetThstperpoy-a scli-hmting? f 1 a certain point we

can ovennflate alveoh and we for sure want to avoid that Jtr ba

So the way to do this with VC ventilation 1s to monitor your airway pressures and adjust the volume
input to avoid causing damage. We will get o the specifics as 10 how we do that eventually, for now i's OK 1o
leave it as so: in VC ventilation we control the amount of air going into the circuit at the expense of control over
resultant pressures; that said, we always need 10 monitor airway pressures during VC ventilation in order 1o
avoid causing damage to the alveoli. In addition, VC ventilation lendsitself 1o an overestimation of alveolar
udal volume if we forget to factor in dead space

: r N !
JJ"‘ M g ( o bt

{
/ / P

,{I/ ’/‘f li"" 5 "/a‘
/. /

230 -

f

ret- l"'{f

J

, onk

Tt
\Lw;" {u

/
s

Lot alowe e
\v \\’“3
[ Rykerr Medical’s Vent Management Guide

Pressure *

In the other comer of the areha we have pressure control (PC) ventilation. In this mode, a breath
happens as so: we have a dialed-n pi(:ssurc. the machine spins up to maintain that pressure, the air all the way
from machine to alveoli equalize to this pressure for a st {ime, then the breath cycles off and we go back 10
bascline. Because our input here is pressure, volume becomes our dependent variable (exhaled tidal volume,”
10 be exact; or textbook-defined tidal volume for the OCDers out there). Let's draw it out and see if we can
make 1t a little clearer:

" machine spins Up,
:::““ starts pushing sir
until goal
pressure i
roached
wrways, lungs, pressusc INCreasing hungs recotl and arways, lusgs.
alveot - all ol mirways, lungs ""‘""::_‘f"' e ebalanca £ Aveol-all
equalized 10 expanding 3 F:h: equalized W
Eh—:lnepr-nn ([5 i E baseling pressare
O B B OR HoIE BN
—_—_ aw 1o atveoly, rymg E —_— ; —_——— —_—
10 overcome that alveoli inflaied, alveoh go back 1o
£ mal tlanon imum baschne
& hump Mgw
¥ ume ¥

In the fourth column, we see that recoil of the lungs (a passive exhalation) occurs when the pressure that
had been keeping those lungs inflated drops ofl. This volume of air that gets pushed out of the circuit as the
lungs “fall” back to normal is our exhaled tidal volume, which we then have 1o actively observe to make sure it
meets the goal we have in mind for what volume this patient ought to be geting with each pressure breath we
deliver. If this exhaled lidal volume is not what we want it to be, then we adjust the pressure in the system to
get closer 1o our goal (more pressure means more volume, less pressure means less volume).

One thing worth pointing out here is that in PC ventilation we don't have 1o bother with considering that
flexibility or stretch that we discussed when we lalked about dead space (ie. the compliance of the vent circuit),
as the only way we have (o measure volume is via exhaled tidal volume or what the patient breathes out (which
is downstream of all that flexing/ stretching nonsense). We do still need 1o consider anatomic and alveolar dead
space, just as we did with VC, but the stretch factor we introduce in our circuit is eliminated. This is a big
advantage of PC ventilation with small patients: forgetiing to factor in 10ml (arbitrary number) in an adult is no
big deal, forgetung to do so for a baby with small tidal volumes is huge. We'll discuss more later,"” but just
know that this 1s one advantage of pressure control

]

W And if a machine is capable of pressure control ventllation it WI|WII\.“?I surcly have a mechanism for measuring exhaled tidal
volume, i the previous section we noted that some machines don’t give us this value, but those machines tend to do volume control
ventilation only

7 In the Appendiy
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Another advantage of PC 1s that we avoid the risk of over-inflation or high pressures at the alveolar
level. The highest pressure those alveoli will see is whatever value we preprogram nto the machine ™ So as
long as we follow some basic guidelines as to what a safe pressure is, there's not much risk of harm or
barotrauma. The downside is that we don’thave as good of control (compared to VC) over the amount or
volume of air that we are putting into the system, instead we have to continually monitor exhaled tidal volumes
and adjust 1o our goals. "

To summanize: in PC ventilation we control the pressure put into the system at the expense of control
over resultant volumes; that said, we always need to monitor those volumes when we have a patient in PC mode
i order to avord hyper or hypoventilation. In addition, PC ventilation makes ita little more difficult to control
ventilation (as opposed to oxygenation, more or less rv:l'crnn&kccping the EICO> within range — again, one of
those things we will get 10 later on), due 1o the Breath to breath ariability in volumes. The big advantage of PC
ventilation is that we avoid the high pressures that can result frz;n VC mode *

e
Dort ref
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" For the most part this is true, but there are some exceptions that we' Il chat about Later in the section called PIP and Pplat in
Pressure Control?

" Ashworth & friends, 2015 - What we've said here is a bitof a simphitication, but 1t serves our purpose for now
tor a much more detaled discussion of how we can work towands our ventilation goals in PC ventilation

“ There are more advantages (such as how PC breaths differ from VC ones in regard to Nlow waveforms), but we'll getto that stufl
later on m 1y pes of Breaths
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Pressure Regulated Volume Control

Pressure regulated volume control (PRVC) is one attempt to get at the best of both worlds when it comes
10 this volume vs. pressure conundrum. In this mode we dial in a goal for tidal volume and put a cap on
pressure, then the machine tries 1o give breaths to the goal volume using the lowest possible pressure and
without exceeding the max we have set. The machine makes adjustments to how it delivers cach breath by
looking at previous breaths and then adjusts delivery to add or take away volume working towards the preset
TV goal. In the event that it can't reach the goal volume without exceeding the upper pressure limit, volume is
sacrificed - think of the “pressure regulated” part as a hard stop.

Let's visualize this over a few breaths 10 see what it would look like:

goal TV: 400ml
pressure cap: 30cmH O
breath one breath three breath five
inttinl breath a lirtle less pressure alittle more pressure
25cmlIl,0 breathtwo 5y o breath four  29cmH,0 breath six
300ml MOI PIEssure  4pom) same pressure  400ml same pressure
30emH;0 28eimHL0 29¢emH;0
450ml 375ml 400ml

docH e b

If it helps, we can also think of this in an algorithm-style fashion where we decide where each breath
ends up in relation to our goal and then adjust the subsequent breath in a cyclical manner:

v

breath delivered

|

how does it compare to
goal?
not enough volume; volume at goal:
more pressure next time  no adjustment needed

v

too much volume;
less pressure next ime

-3
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This mechanism of decision-making one breath at a time doesn't quite describe the process accurately,
but it gives the rght idea. In reality the machine looks back at the last few breaths (varies by machine) and
builds a small data set from which it decides how to deliver the next breath. So the system is actually a little
more refined that our crude representation 1 !

To flush out a few more details on this PRVC gdneept, let's look at another example of a few
consecutive breaths. In this example something is cafising an increase i pressure lo the system, therefore
breaths basically get cut short. The result of this wznh‘. be a drop in minute volume or air moved per unit

time.*! 10s important to keep this in mind witl ., as we can inadvertently drop minute volume pretty
significantly in an ¢ffort o avoid high pressur
P4

goal TV: 400ml
pressure cap: 30¢mH.0

breath one breath three
ininal breath can't give more
25¢mH.0 breath two 30emH 0 breath four
300m! more pressure 325m| same pressure
i?;mlliru 30emil 0 ———
= 325ml and on and with the result
that MV goes down

} ! } ! (compared to our goal)
f 7 'f-’l//%',ld ’

\

A few more things about PRVC: “pressure cap” in a make-believe term - Qi€ ma\;hﬁu: most oflen uses
1120/dess than the set hagh-pressure limit for this value.** There are also lynfts on}éw much variation
octurs from one breath to the next; to say it another way, the machine won’t make crazy, drastic changes in
resporise 1o one or two funky breaths. Another thing: the machine has a system to get this whole process started
by giving “test breaths” via different methods when it first gets set up — no need Lo worry about that here, that's
homework for us depending on the system and machine we use in the field. Along that same idea, the machine
doesn't actually know how much air (i.c. pdevolume) it gives with cach breath until after the fact when 1t sces
the exhaled tidal volume, that's why it can overshoot the goal. Last thing: PRVC is good when we are worried
about barotrauma or giving too much pressure, but it 1s important to make sure we keep an eye on minule
volume and match it 1o our calculated gml.*

1 L)

) ve it ea

J

I

41 pyscussed m much more detail in just a few scctions! [ f-‘,ﬂ- U.\,Ju\
2 And limits are discussed later when we get to Alacins
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Vent Parameters, Round One

Next step on our journey is to explain fully the ins and outs of some of the terms we use 10 describe
different aspects of ventilation. Some of these have been mentioned alrcadmmm. but
most of the complete explanations have been left out up until this point in an effort to better organize thoughts
in a linear, stepwise fashion. 1f it helps to go back to previous sections after this discussion, go for it Also,
keep in mind that this is not an exhaustive list of all the terms, these are just the basics (with which you may
have already been familiar with prior to getting into the manual), and morc will come later.

Tidal Volume

Tidal volume per the textbooks 1s the amount or volume of air exhaled in a given breath. As previously
discussed, it sometimes helps to break this concept up in to two distinct terms: tidal volume and exhaled tidal
volume, Tidal volume, in this way of thinking, would be the volume of air we put into the system, while
exhaled tidal volume would be the volume of air that comes out of the system Tidal volume may be notated as
TV or VT. exhaled tidal volume is notated at VTe.!! Inthismanual,we have mostly tried to abbreviate things
with initial letters. of words-if the termuwould be spelled out just to make thipgs casicr - this s just so you know
what things-mean if you sge it abbreviated elsewhere.

Tidal volume varies by the size of the patient and the normal range is 6-8ml/kg IBW. Recall the
discussion we already had about idcal body weight (IBW) and the idea that lung size is best correlated o height.
Also recognize that 6-8mlkg IBW is just a framework from which we start when determining our initial
settings and that tidal volume can range from 4-10ml/kg IBW or more, depending on the specific situation that
we are up against. Enough on that for now though, we will ralk further on that when we getinto ventilator
strategies."!

We also previouyly mentioned the eoncept of alveolar tidal volume, but let’s hold off on that one for
now. as we will discuss it inaTater sectigh in more-detail. **_For now we-will focus on tidal volume as two

distinct ideas (tidal volume and exhaled tidal Volume) with a normal range of 6-8ml/kg IBW.
& O

P ber l‘b_/" (.
JL'. j,a MS‘/,[-)

4 you often see Vi and Vie instead of VT and VTe, but we've opled 1o do it our way so that there is consistent notation throughout -
whenever you sce a hiutle “¢” after a term it will refer to the “exhaled” version of whatever parameter it1s auached to (ic. MVe is
exhaled minute volume, something we'll talk about shortly)

# havics & Inends, 2016 - And these guys offer a much more in-depth discussion of this general idea

44 I the section on Yentilation (& CO:)
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Rate

Rate1s equivalent to the idea of respiratory rate and describes how many breaths are delivered and/ or
taken m one minute of time. 1t is also known as frequency and may be abbreviated by “f."* You also may see
rate abbreviated as “RR™ to stand for respiratory rate.* Normal parameters vary by age, but the typical adult

rate 1s il‘-lll and pediatric rates are as outlined on your Broselow Tape or by this chart from the PALS
Manual: ¥’

Amarican
B |

PALS "~

Buth (12 b, <1000 g)

Buth (12 h, 3 k) 60-76 3145 “8-57
Necnate (96 ry 6784 3553 1560
Infant (1-12 mo) 7204 Ir-56 50-62
Toodier (1-2y) 86106 4263 4062
Preschocler (35 y) 89-112 46872 5580
Schoo aged chad -7 y) 97-118 57-76 -7z
Preadolescent (10-12 y) 102-120 61-80 -1
Adolgscent (12-15 y) non 6483 73-84
)
] )<
Y
“ While respiratory rate may se ‘;-, ditlyr from freq y (1 patient’s innnsic rate versus overall rate), we've decided to
keep it simple here and simply use RR fo desefibe frequency in a general sense
C Vmencan o Assocnion, 2016 - As a quick disclaimer: these normal respiratory rates as outlined n PALS are not ity 0 be

used tor delermining vent setungs, rather they are outhned as such to identity normal and abnormul findings in an assessmer
that sard, most transport clinicians are familiar with this reference and have ready access o it, 5o 1t makes sense 1o build our
yent management from a known source rather than introduce new values and numbers with which we may not be familiar L/

Si6- /4
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For the detail-oriented people out there, there are some data points missing from this PALS chart. One
strategy would be to guess based on available data (i.c. no listed rate for a 9-year-old, but you could assume a
value that falls in between the School-aged Child range and that for Adolescents). Other option is to use this
chart we've put together based on the existing data in the PALS Chart: ¥

 Age Description | Age (yrs) RR
Infant .083 (1 month) - 1 | 30-53
Toddler 1-2 22-137
Preschooler 3-5 22-23%
School-aged Child 6-7 18-25
_ BigKiddes | §-9  [17-25
Preadolescent 10-12 14-23
Adolescent 12-15 12-20
Adult 16 and up 2-20

Last thing: there are times that we set rate above or below what might be considered normal for the
patient’s age, but we'll get to those specifics when we discuss vent strategy for different situations later on.

Minute Yolume

Minute volume, also known as minute ventilation, is the amount of air moved in one full minute. It is
the product of tidal volyme

Minute volume/ minute ventilation can be abbreviated as “MV™ or “VE™ and is the primary mechanism
by which we control ventilation. We will discuss soon™ how to manipulate both tidal volume and rate to
address ventilation n just a bit, so don’t worry about that for the moment. A normal MV for the adult patient 1s
often cited at 4 — 8 liters per minute, but we prefer to use a weight-based calculation so that it applies to all
paticnt sizes:>

d‘-‘Jl MV =RRx TV

MYV = 100mlkg (IBW) /min

As with rate or frequency, there are times that we use a different MV goal with specific patient types,
but we will get to that later on. Last thing: just as with tidal volume, there can be different types of minute
volume. “Minute volume” or “minute ventilation™ typically describes what we dial in to the machine, then we
tag “exhaled” on to cither term (abbreviated MVe) to describe feedback the machine gives us about what the
patient breathes ou and:l}slly there is alveolar minute ventilation (VA) which takes out anatomic dead space
from the equation.” While alveolar minute volume (another way of describing VA) is an important concept to

consider, we base initial goals and calculations on MV or MVe and not on alveolar ventilation.®!

* See Appendiy for a discussion of how this chart was created

* In our section on v entilation (and E1C0O;)

AV cingart, 2010; Yartsey, 2019 - These guys aite a goal MV for the intubated patient as 120mUkg/mun and 70-110ml/kg/min,
respectively, we've opted to go with 100mUkg/mun as a starting point due to ease of calculations and simplicity

31 We do, however, make subseq hanges 1o address 1 with these alveolar volumes in mind and we will get to that in

Ventilution (& CO,)
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Now the truth is that we can pul pressure into the alveoli and then lcave some of that pressure there 10
hang out throughout exhalation (in the form of PEEP). So rather than the alveolar air sac deflating all the way
back to its original size, it deflates only part way

Fraction of Inspired Oxygen

Fracuion of mspired oxygen, or Fi0):, describes the amount of oxygen in the mix of gasses that we push

into the phtient’s vent circuit when we give a breath. 100% oxygen would be an FIO; of 1.0, 21% oxygen or \, .,J‘ first inhale exhale next inhale e
ambie ould be an Fi0: of 0.21. Adjusting 102 15 often the easiest way we can address an oxygenation e > v = g
1ssu 11 discuss fixing things in just a hittle while. One thing worth mentioning at this point, however, is ’nt' v/ " |‘r
the 1100 much oxygen can be a bad thing ** While it may be tempting to dial the FiO2 up 10 100% on all \ d( & _;‘
patients, this 1sn’t always warranted and can cause harm to our patients if they don’t need it At the same time, ! * \d‘\ PQ \9“
however, don't be skimpy- titrate FiO2 1o maintain an $p0s*" in the mid-to-high-90s. 1f therg is good reason to W0 D
suspect that SpO: 1sn’t an appropnate measurement (such as with hemorrhage, CO exposury, cte.) or there 1s \ m"ﬂ
another greater worry (Baby in the belly of mommy, traumatic brain injury, ¢1¢.), we can give 100%. And if ]
we are ever i doubt, w just give oxygen: most of the bad things take a longer time to capse dasyage and the 3 tme >
risk of giving a little bik extra n transport hkely outweighs the nsk ql(l,d 4 /

’ d“ Recall our previous discussion of Alveolar Surface Area that the more inflated the alveoli are, the more
Positive End-Expiratory Pressure ( £ P) ‘\\[l) ) they can participate in gas exchange. And lluai is due to both more surface area and a thinner memhram; across

dl_ which gas must diffuse. Next, add to that the idea that blood flow though the pulmonary capillary bed 1s
o . 2 4 0s . Sl sn't sl hen i ion sLops. ans that pulmona spiration or gas exchange
Positive epd-expiratory pressure (PEEP) deseribes the positive pressure that remains in the alveoli at the cantinuous, it doesn’t stop when inhalation stops. This me pulkag iy PESpEMROn I B °'3 nee
. ’ ; » ) across the alveolar membrane occurs throughout the respiratory cycle, both on inhale and exhale. PEEP helps
end of expiration. And leU's recognize that we basically explained a term using the wordsit's made up of, so : B ; : oo
. N facilitate this gas process on the exhalation side and then makcs it casicr lo further maximize the cffect durning
we'll try 1t another way viaa few steps During mechanical ventilation we push air into the alveoli on : ” . :
’ : ) inhalation (i.c. a better starting point from which inhalation begins).
nspiration, then that air moves out of the alveoli on expiration. We tend to conceptuahize this (and have done 5 ; X “ w
» k : R ¥ J Another idea particularly relevant to this discussion of PEEP is that the “stenting” or opening-up of
<o all the sketches so far) as a net zero movement of air where the alveoli go from deflated to inflated and ¢ \ ; X . ; i
then back 1o deflated. as so 4 5 alveoli doesn’t always happen in one breath as it's been depicted in the above drawing. Sometimes it takes ime
¢ cK 1o detiated, as s f: o x
v \.\) 10 get from a that lefi-most, deflated stage to a “recruited” or opened-up stage. Part of the reason for that is that

; ‘\ 1 there is fluid around the surface of the alveoli that resists expansion. Think of it as molecules on the alveolar
inhale exhale > clc .. E." surface that are holding hands with one another; as we increase size of the alveoli, we increase the distance
?%}Q“ between those hand-holders and make expansion easier:
)
¥ \ pek

PELP helps with this process by maintaining our progress along the way. As airway pressure increases
on inhalation and the alveoli expand, PEEP essentially maintains that expansion on exhalation and prevents us
from cycling back to that deflated, lefi-hand state in the above photo. An added benefit of this is that it reduces
stress on the alveoli. Going from deflated to inflated to detlated to inflated and on and on can put stress on the
alveoli, PEEP decreases the difference between those two states so that less net movement is required for each

I —————

) inhalation. We talk about this much more in the section on Driving Pressure, so 0o need for more detail at this
2 Kallel & Branson, 2016 - Provides an excellent overview of both sides of the debate on whether or not too much oxygen 15 thing int
“ And we will get nto the details of Sp0;in our scetion on Oxygenation (and Spo) point.
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To summanze so far: PEEP is a residual pressure that we leave in the alveoli during exhalation to both

maximize pulmonary respiration during exhalation and mgintain recruitment of alveoli.™ So now that we have  /

that clanified, let’s look a waveform representing pressure into the system as we deliver a breath, We've seen
this image previously, but now we are going 1o add sefit ot (o it. The first breath is with no PEEP or
zero PEEP or "ZEEP”, the second one (right) is with SemH:0 worth of PEEP added in:

/ ),.fllff(

ume >

- pressure +

PEEP (ScmH .0
ubove baseline)

+

{ 4

:

c ""7
this baseline represents.

OcmH 0 (per the machine)
760mmHg (per the planet)

And 1o visualize this same 1dea over time, let’s think of 1t this way:

u

pressure -

mare
(wathin safe lanuts!)
means more gas exchange

ume, P H
1 loak af all this extra 1
: | ume with increased |
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- pressure ¢

hmoi-i
[ R ) -
T T Y I
whale cahale nhale exhale

Now this is not to say that gas exchange in nonexistent on exhalation in the first (no PEEP) case, just
that it is augmented during the second one.  There are also other mechanisms by which PLEP facilitates
oxygenation, but those will come up shortly in the section on Oxygenation (and Sp0):) The important thing to
note for now is that PEEP basically acts to keep alveoli open during exhalation and that helps us utilize more
lung volume while breathing for the patient.

S Kallet & Branson, 2016 - They explain that PEEP doesn’t necessanly “open” the alveol as we often hear it desenbed, rather PEEP
stents the alveoli open alter inspiratory pressure changes (or recruitment mancuvers) open them up
-40 -
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Let's next take a look at downsides of PEEP. Most relevant onc to mention is that PEEP can decrease
blood return to the heart. * Recall from a previous discussion that any increase in intrathoracic pressure can
impede blood flow back to the heart (and see image reproduced below). Because of this, normal PEEPs are less
than 10cmH:0. That said, we sometimes use PEEPs up to 20cmH:0 in specific cascs and we will talk about
those later:

normal breathing positive pressure ventilahon
-ImmHg (-1 4emH ) +15-25mmlg
blood return AOK

.H>'MTG\

Other negative consequences of PEEP vary widely from things like worsening hypoxia and increased
V/Q mismatch to decreased extra-thoracic organ function and decreased cerebral perfusion pressure ** That
said, the important thing to note is that these negative cffects typically manifest when the application of PEEP 1s
taken beyond the level of therapeutic benefit. To phrase it a different way: use PEEP when needed. but don't
assume it is without consequences and be sure to utilize it judiciously. (And the specifics for how we go about
that will be discussed shortly!)

We are getting closer to the end of our PEEP chat, but one more tidbit before we move on. The idea of
“physiologic PEEP” and the oft-cited concept that all of us, at baseline, live with 3-5ish cmH:0 worth of PEEP
in our alveoli may have come up in the past. “But how does this work," we may wonder, “when PEEP is a
posilive pressure and we normally breathe by a negative pressure mechanism and with very small pressure
changes!?" The skinny of it is that it docsn’t work; “physiologic PEEP” isn’t quite a thing. That said, there is
some credence to the idea that intubating a patient and/ or strapping a vent circuit to their face increases
resistance to the flow of air. But this is a whole ‘nuther animal and we'll leave it alone for now.

'}X-l. ?‘ \V\‘ N‘_)

S Chimeal Analysis Management 2019 — And tlus eftect of dccrc.w:éduc -.ﬁ_unuﬂuc to PEEP 1807t so much a thing with a
cuvolemic patient. so we can muligate somewhat by fluds if our patient will wlerate it

$ Copuh & Luks, 2014, Strong, 2013, Yartsev, 2019 - Refer 1o these sources for detailed explanations of all of those neganive
consequences of PEEP
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Inspiratory Time (and :E Ratio)

The next term to consider 1s inspiratory time, often referred o a
over which we deliver a breath - A normal I-time varies by age as so*

‘ﬁl-lunc " 1-time 1s the amount of time
9

Age Description Age (yrs) I-time (s)
Infant 083 (L month) =1 03-06
Toddler 1-2 04-09
Preschooler 1-5 05-09
School-aged Child 6-17 06-1.1
U4 Big Kiddos 8-9 06-1.2 i
. B Preadolescent | 10-12 07-14 iq)'wk “‘S (o, /
et Adolescent 12-15 0817 . v
R Adult 16 and up 08 - 17 /f’ "‘ v p
Oer Do TP Tl davsg Pav

W' veniready-menttoreetht during posie-pressusecililationdhe mogetime we spend pushing an
1nto system, the more oxygen gets moved into the bloodstream. This means thaf more time spent on the
mspiration side of the breath eyele (vs. exhalation) equals better oxygenation. With that m mind, the most
Intuitive way 1o increase time spent at spiration would be to lengthen the I-time I we do that, however, we
have to accommodate by decreasing time spent at expiration or by decreasing rate Consider seventeen breaths
over one minute of time:

. ’
AJ T &

T s
1841

60s + 17 breaths = 3.5 seconds per breath

if " or nspiration -~ 1.0 seconds,
then “out” or exhalation = 3.5 seconds — 1.0 scconds
“out” or exhalation = 2§ seconds

il we lengthen inspiratory tme lo 1.5 seconds:
exhalation tme = 3.5 seconds — 1.5 seconds
2.0 seconds

We often represent this ratio between l-time and expiration ime as an Ik ratio" to deseribe the amount
of ime spent at mspiration i comparison to the amount of time spent at exhalation. A normal LE ratio is
anywhere from 12— 13 Let’s build an L'E ratio for the above examples:

in the first example, we have 1.0s 0 2.5s, so our LE ratio s 1:2.5

in the second example, we lengthened out nspiratory time to 1.5s;
So we now baye 1.55: 2.0s
we (almost) always write out I-E Ratios with 1" as the first number,
So we need 1o/ simplify the ratio:
;]

/
) oapil

O
e

" Sce Appendin for how we got alf thest numbers

# W A V??( S - There n[: tenyeatied “niie copstant” in PC ventlation that we can use to quantify an appropnale I-
tume, but this 1sn° unhjnl) available (A ke transport settngs and we stll need 4 value 1o initiate ventilation with when we finst get
things ollmg - 27/

Cleer & Holets, 2016 In thus presentation on vent wayeforms, they describe how longer [-limes may be indicated tor paticnts venled
with a decclerating wavelorm patiem - in the ransport sething this is most commonly patients in PC ventilation (and we will discuss
this vanability in Types of Breathy in the very next section)

.

i 7
Wi
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15 20

simply divide both sides by the first number: 1= =
and solve for our new LE ratio of 1:1.33

So 1o bring 1t back home: we had a rate of 17 and an [-time of 1.0 with a resultant IE ratio of 1:2.5. We
wanted Lo increase time spent at nspiration, so we changed our I-ime to 1.5 and ended up with an LE of 1:1.33.
For now we don’t have 1o worry about the significance of these numbers, we just need to understand the math,
how we get to these numbers, and the terminology associated with them. Let's try anather example, but this
time we will adjust rate instead of I-time:

per above: rate of 17, [-ime 1.0s = LE of 1:2.5
now let's increase our rate to 20 and recalculate the L'E ratio
60s + 20 breaths = 3 seconds per breath

1.0 seconds, then “out” or exhalation = 3.0 seconds — | 0 seconds
therefore “out” or exhalation = 2.0 seconds

I in™ or inspiration

in this example, we now have 1.0s : 2.0s, so our LE ratio is 1:2.0

now let’s shorten our I-time to 0 8s and see what happens.
if “in" or inspiration = 0.8 scconds, then “out” or exhalation = 3.0 seconds - 0.8 scconds
therefore “out” or exhalation = 2.2 seconds

now we have 0.8s : 2.2s,
but we need to make this an LE ratio = with *1" as the first number:
08 22
—:==1:2.75
o8 08
And let's summarize this all one more time and make a few generalizations: we can shorten our [ E ratio
by either increasing l-lime or increasing rate; we can lengthen our I'E ratio by decreasing I-time or decreasing
rate. A shorter I:E ratio means less time (in relation to the whole in/out cycle) spent on exhalation, a longer or
lengthened LE ratio means more time for exhalation. We will return to this concept later when we get to
ventilator strategies, but know that some patients can benefit from a shorter |:E ratio and other can benefit from
a longer 1:E ratio, so it is important to know which changes affect the |:E ratio in which direction.
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Types of Breaths

alocolel 7
v/ Another thing to mention 1s that the pressures we “see™ or measure don't reflect pressures at the alveoh
. . . () H g PrH ‘e i g, o (7]
Let's take a few munutes to discuss an image we presented towards the beginning of this manual, The ( el \ or terminal ends of the airway, they represent what's going on oul‘.\lde of the patient’s body. That ?md. we can
idea here is that we want to explain in a little more detail cach of the following types of breaths depicted '\ manipulate the system to approximate alycoli pressures and we will discuss how to do that later. So the
below ™

waveform that shows pressure over time gives us a visual representation of how pressure changes at the mouth

l side of the system as we deliver a breath. And we already talked about how pressure is measured (in terms of
Spontansous Realsl volume  Avalul prassure  Pressure support L units), so we are good in this general idea for now.
e o e Next concept to discuss is flow. Flow is basically a description of how fast we move air through the
5 system and 1s quantified in liters per minute (L/min or LPM).*> When we describe flow, we do so at the
“—_— - / J—] l l machine side of the system. As air moves away from the machine, however, different things can interfere with
- " the speed at which the body of air is moving. But since we don’t measure flow (rather we create flow and send
f F\_ l it out into the universe via the machine), we see all of this interference indirectly vig other parameters (such as
Flow i 1 | \I | pressures and volumes). lere's how it looks mapped out over top of the syslcny(“ o \l e "}
/ 4

i
L we can conceptualize flow as the speed at ( 'gl) { ~:'
which air moves down all these things o
. / k //\ /\ \ o e e 1 ot o e a9 P(N P:I

,,}wa A;J”H\ - ol- f@"ii’ﬂ'

There are three wavelorms depieted for each type of breath, but our focus for p6w 1s on the first two
rows: pressure and flow, each dcpl'\'tca over ime. We sometimes hear these depictions of vent function
deseripted as “scalars,” as i a “pressure time scalar” or “flow time s¢ The image above shows ideal
scalar waveforms, real ones as produced by a vent may vary s i t\\ ill be less clean-cut than these guys.
But enough on that for now, let’s move on to each of these things: pressure and flow, . \ aifierpartscan T — flow is produced at a

Pressure is measured by the machine somewhere between the endotracheal tube (ETT) and the wye obstruct flow or wriiforiti and smooth predetermined/ calculated
where the mhalation side of the circunt splits off from the exhalation side of the ciremt ! cause urbulence  don't mess with flow o quantity by the machine

in the movement much, air can basically
of ar pass by uninhabited and
‘ maintains its momentum

b likely will be measured here (1o avord gunk

o :
o tellent arway pressurcs from interfering with i - )

when the mass of mir meets the ¢ ils | ¢ in the lungs,
would oceur here hen s of a s the end of its journey hen e lungs

the result 1s an increase in pressure, inflation of the alveoli, and
\ D:& diffusion of gas into the capillanies

pressures get imncasured rulux that all of the mechanical dead space wufl mis
somewhere in this spce between the ides] spot and the (most likely) actual spot
where pressures get measured - this 15 generally UK for

1
~flow states (end inspiraion and ¢nd-gxhalation) and ) W
/‘dmdlmlumwmﬂuchﬂw yupment things .
are interferng with e delivery of Aat
W
e Yk Wa

> And sometimes notated by the symbol V, but we also use that same symbol in Fick's Law stufF in the next segtion and don’t want to
get things confused. . %
)

s ddition 1o deseribing how this process works, he also discusses in great detail a numlié\a“w othgr concepls that
we cover soon - it :7!1 coming back Lo his paper after getting through this manual to see what he has 7

w0

Iends, 2004 (unage)

vides an awful lot of uurhnnmmm which we cover briefly n this section [ e(
Nyt 08 et
o~ S \ o\‘\*\( B / QSQ }(U!
[ e

g 3 Q) IN" ( o
//(i\\:\ = NMLP l”k’r) \'"‘\ £ )\‘*\.

.rl
fo ey 1B ol v
\,JTNS . ”0\‘3
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Now that we are set on the basics of pressure (as measured in the system) and flow (as produced by the
machine), let's look at a few of these waveforms again and see how we can deliver breaths in different ways "'

Asslist voluma Assisl pressure  Pressure support
control control and pressure- ventilation
regulated volume control

pressure

t:-’ P!
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The next thing to mention here is how PC and PS b aths differ. While both are given via a decclerating

waveform pattern,

the mechamsm by which flow is smitrated-md terminated changes things. A PC breath 1s

designed to deliver a full breath even with no patient effort, whereas a PS breath is designed to simply relieve
some effort of breathing on the front end of a breath. Because of this difference a comparable titration of

pressure (i.e. a change of SemH20 to both PC and PS
same patient. Now the mechanism by which this riis

result in different changes of volume in the very
own as “termination,” some kind of parameter at

which the machine decides to stop supporting a br

h and begin exhalation:

/]

=

flow =

First thing to note is that there are three general categories: VC breaths (left), PC breaths (middle), and
P'S breaths (right).”* In VC a breath is most commonly delivered via a “square way ¢" flow pattern in which the
machine spins up right away to a set flow, holds it for a predetermined amount of time, then cycles off. With
PC and PS breaths, however, Mow is delivered via a “decelerating waveform™ flow patiern in which the
machine starts a breath by spinning up to a max pressure and then slowly maintaining that pressure by
delivering less and less flow unul the breath cycles off. To say this all another way: VC gives a constant Mow
for vanable pressure, PC and PS give constant pressure at variable flow.

And let's follow this up with a series of sequential facts: There are some machines nowadays that can
give VC breaths via a decelerating patiem, but those aren’t commonly used in the transport setting. That means
we can generally lump these three types of breaths in to two groups, volume/ square wave flow and pressure/
decelerating flow. Unless we are in VC and SIMV, we ventilate patients with one type of breath ata time. In
very general terms: the pressure/ decelerating breaths are more comfortable for patients but take longer to
deliver (i.e. not ideal when we need to give breaths fast or allow Jots of time for exhalation).”

As for the two types of pressure’ decelerating pattern breaths (PC and PS), there are a few things to
mention Fiest1s that the pressure used 1o describe these breaths can cither be referred to in addition to PELP or
inclusive of PEEP (and sometimes we describe the value as “cumulative” to include PEEP or “additive™ to spy

when flow drops below a certain threshald, the
breath cycles off

this threshold is defined as u percentage of max
flow for that breath (ex. flow termination of 25%)

there can also be a time hmit o terminate the
breath; so if ufter a set time (ex. ume lermination
of 1 0s) the breath hasn't termunated due to the
flow tngger, then it gets cut shart by the time

we've shown this PS breath with a PS seting
Jower than the accompanying PC breath (lower

plitude 1n the pressure waveform), but

NS
i time :i um:-)ﬂ

P

recognize that this doesn't have to be the case

So 1o get more volume in a PS breath ( represented by area under the flow ume waveform), we cither

need more patient effort (i.¢. don’t “snow”
lower value for flow termination, longer time terminati

(which we don’t cover in this manuh—">

invasive ventilation and PS, but you will often see this idea djsc

Last bit of this section: let’s review different (
supported, and spontancous breaths (which is slightly different than they were described in that first image in
the section). We've touched on these in passing as we moved through the different modes, but let’s just clarify
a few things and show how they vary from one to another starting with a quick graphic:

all paticnts!) gr we need to maximize our termination triggers (L.c.

). We don't typically get that far into the weeds with

scussed in terms of non-ipvasive ventilation
Yoot J b kst O
tr

s of breath as < to mandatory, assisted,

|

}

2
2

5
it 1s added on top of PEEP).*” This varies by machine, so just be aware of it: .b_,
: 9 ton LAl Bt ’ 4 ’ ‘
Ay additive: 177 bo ot 5 1) r & » g
M PC or PS = YScpiH,0 [ ] (f o K B \#“.\o P o -
{ ; - ,[‘ ) ‘1}- ’ \dd .“*é N ‘“\\V‘ @Q’“
' g latiye: vl ¢ i3g '« o g a0 LS ¥ o \
7 Semil,O PEEP o =y L o w@";@“ &
2 cmil,O PEE PC or P - 26cmi1,0 o & ST i
c Q
| ume > y %
' \
i} ! 1104 - 1
PATACLE ] (L, N Q ‘ &
— Z S Jdnsfu# LS
o gller & Ingnds, 2014 (image) / of wa . ok ! K Al e
 Our labels differ shghtly from those in the image, but we 11 hash )b of this out so

:j%vﬁu- \mmc‘l ' |
ccelerafing phtern may be best for ARDS " 3

 pre ;s >
“ R Swdr 2012 - Amongst many other fun things, thgse guys explagn how pregsur (ry
patients and volume/ squarc wave may be best hbm(\ x;{q‘ IJJf’.fD ( wls

* i‘u ‘)1:—
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Mandatory or machine-delivered breaths are the ones that we deliver via our set RR on the vent and to a
specilic goal, whether that be volume or pressure. Assisted breaths are triggered by patient ¢fTort and then the
machine delivers a full breath to mateh the same goal as for the machine-delivered or mandatory ones. Moving
tight; supported breaths are also patient-triggered, but get delivered via pressure support and not to a set goal.
Supported breaths are often smaller than mandatory or assisted ones, that's why they have been shown with a
shorter reen line * And lastly are spontancous breaths that don't get supported or assisted. These breaths
basically ored by the machine and function solely via patient effort. We typically don't see these too
aflen, s ve_yénulate patients n AC or SIMV modes, but they are shown for comparison.

And o take this discussion one step further, let’s consider which types of breaths apply to which types
of ventilation. In AC mode we have mandatory breaths and assisted breaths and ncither supported nor
spontancous breaths (all breaths that meet the tngger will get supported). In SIMV mode we have mandatory
breaths, assisted breaths (when a trigger is sensed within the mandatory period), and supported breaths (when a
trigger 1s sensed in the spontaneous penod). In neither mode do we see routinely see spontaneous breaths
Whale there may be spontancous ¢ffort that don’t meet the trigger (and this theoretically could contribute some
o MV), all noteworthy patient effort (defingd by meeting whatever trigger threshold we have set) will get
facilitated by the machine in some way ‘\p sither mode *

\

“* But again, this doesn't necessanly have 1o be the case — see section on SIMV for more on this idea
™ And we realize that we've talked a lot about Triggers here, but the details of that has been deferred until later on
-48.
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Three Big Things

There are three super duper important thingy/that necd to be monitored and addressed for all ventilated
patients, hands down and no matter what. Theforder in which we discuss them here is totally arhnmr'y., they all
hold equal weight and are interrelated. The djscussions that follow are in general terms and not specific to
certain pathologies or patient types, that stufl will come soon.

Oxygenation (and Sp0:)

It may have come up once or twice before, but oxygen is pretty important stuff. Oxygen gets 10 tissucs
via a few steps, some of those we can affect directly with the ventilator. There are also more complicated ways
to manipulate oxygenation, but let’s focus on the simple stuff for now, starting with a review of how oxygen
gets from the ambient air to the tissues. The following is a version of a graphic we used carlicr that shows
partial pressurcs at a few steps along the way. These pressures are for the spontaneously breathing patient:

ambient air

PO, = 160mmHg
at the alveoli:
PO; = 100mmHg
e I y capillarics:

PO, = 40mmiHg

So 1n this baseline example, we can conclude that oxygen will move from the

then into the pulmonary capillaries. The first way that we can speed this process
I pressure of oxygen al the start of the system. Instead of 21% of the gas mix or

. we can litrate that all the way up to 100% (FiO2 1.0) or 760mmHg. This will increase the
rate at which oxygén diffuses to the alveoli, resulting in a higher partial pressure of oxygen downstream and,
subscquently, faster diffusion into the blood stream:

ambient air, (0 the alve
up is by changing the
160mmHg of oxyge

100% oxygen going in:
POs = 760mnmHg
al the alveoh:
PO: = 663mmHg
SN monary capil
v PO; = 40mmHg

-40.
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Let's recap this bit and do some math: PO; at the alveoli on ambient air is 160mmllg, PO, at 100%
oxygenis 663mmHg, To quanufy the result of this difference let's apply Fick's Law:™

V - (Py=Py)xAreax D
. Thickness
V = rate of gas dittusion across a membrane (1.¢. alveolar membrane)

P’y = mgoing pressure (1.¢. at the alveol)
> = pressure at other side (1.e. i the blood)
Area = self-explanatory. ..
D = dilfusion constant
Thickness = also self-explanatory

.o Arcax D
Thickness
we end up with the following:

V= (P -P)xk

1s constant and we call it “k,”

and let’s add in some numbers for the ambient air and 100% oxygen situations.

P’ll g

/

That means that oxygen diftusion occurs ten times faster at 100% oxygen (or an FiO; of L0)Ahan at
room air. Which is both nuts and a chinically significant thing to be aware of. The takeaway diere '!Ihnl
whenever we need o merease the diffusion of gas across the alveolar membrane, 102 1saheck of a way o get
that done. The holdup is when other tactors in the equation (area and thickness) are afSo issues Ahen we may
need to augment this strategy with other techniques. And ;Esu cmember that Qxygen moleculds can cause
damage, so deliver them to the patent judiciously Y l» L,F L ?L, “,‘f

The next way we can increase oxygenation is via PEEP. Now PELP doesn’t quite work by the same
mechamism, as the addition of PEEP doesn't much change the partial pressure situation as we saw with an

increase in Fi0;:

(compared w 100mmHg at
bascline’ ambient mr)

at the alveali

PO: = 101nunllg

ScmH ) of PELP added
(and ambient air or IO, 021)
PO; = 164mmiig

pulmonary capillanes
PO; = 40mmHg

N
N

W igaar, 2017 - Best ever explanation of this concept courtesy of Kaln Academy
S50 -
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Instcad, PEEP facilitates oxygenation primarily by increasing alveolar surface arca, and also by
extending gas exchange into the exhalation side of the breath. We discussed that first concept bmyw
section on Alveolar Surface Area and the second one just a moment ago in the section on Positive’lnd-
Expiratory Pressure, so no need to redo all of that here. One more mechanism by which PEEP helps
oxygenation is that it cleans up the alveolar membrane, in a sense, by pushing out or displacing fluid
accumulates there. Think of it this way:

714

-«
e

+ treatment

> blood

Sheds SN
—_

So we have three ways that PEEP helps with oxygenation: it increases the surface area of the alveoli, it
extends gas exchange into the respiratory side of the breath, and it helps to physically displace fluid from the
alveoli:

after time

I amows emanating from alveali = increased size/ more surface arce i /

2. stretch space d - of gas exchange into exhalation side h L
(rairss I,

3. nosmoking X on flud = displacement of all that stfl
f / L
135 Ll

vy j" "\’./(‘!’if
NN
’ "~

- blood —»

Just a quick recap before pressing on: assuming ventilation and comfort are adequate (see next sections),
initial steps to fix oxygenation are increasing FiOz and then adding PEEP. While it is totally OK to use a
stepwise approach that titrates both FiOz and PEEP in linc with one another,” recognize that FiO; is your most
direct fix for improving partial pressure of oxygen at the alveoli and has very few consequences in the acute
(i.e. short term) setting. PEEP 1s especially helpful in increasing alveolar surface area and dniving fluid out of

"I We'll touch a bit more on this subject in the section on AL ARDS later on
.50 -
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the lungs but may decrease cardiac output by way of a drop in preload to {he heart (especially if our patient is system arc out of whack and that oxygen is not being put to good use. OgpAhing we, as clinicians, sometimes
down on fluids). And lastly, both of these techniques (I10: and PEEP) improve oxygenation throughout the do to exacerbate this “things out of whack™ concept is lay our patients }é]. Unless you have good reason to do
respiratory cycle 50, all vented patients should have their head of bed elevated somew And backboards (if you are sull
) The next logical step in this discussion is to consider what happens during inhalation. Changes to both using those archaic torture devices!) are no excuse, just prop the wholcficad end up with something to get a
F0: and PEI:[’ affect oxygenation throughout the respiratory cycle, that is both on inhalation and exhalation, comparable effect. The reason why we elevate the head of bed to improve oxygenation is multifaceted, but it -AT -
but lots of our oxygenation happens during inspiration. Here's a comparison of what pressures and alveolar has a fair amount to do with gravity and is beyond the scope of this discussion. ¥ (3 oy My .4 q’" W
shape would look like with an FiO2 of 21 (ambient air) and no PEEP, both at baseline/ on exhalation (left) and Onc more thing to consider is how we measure oxygenation. Our standard tool in the field is pulse - ;p"'
onnspiration (right). We'll use an arbitrary added pressure o 1.0 or 1Sish mmllg: 1 oximetry or SpOa. SpO: uses infrared to “see” to what extent our hemoglobin is saturated with oxygen (or %
Ql ﬂ& oxygen-like things, but we won't worry about the tricky / parts here) The process here goes like so: oxygen gets 7 e )
_ \ R\k\) .(/P 10 the alveoli, it crosses into the blood stream via difftSion gradients of gas, then once in the bloodstream it gets L |
une! 0 et i picked up by hemoglobin (Hgb) for a Gwn the blood vessel. Let’s draw out the onloading process: s O\
160mimig 175mmHg

-
103mmHg ’ // oxygenation

_._/-\——
\ —_——— i0nmlg I i

Note both the greater pressure dilference between alveoh and capillary as well as changes 1o the alveolar —

surface (more of it and thinner) during inspiration. This leads us to conclude that more time spent at inspiration Oiffo: bt oes Ko (shecoly o Miovd Wroed In:oole of e body

further maximizes oxygenation, therefore strategy number three to maximize oxygenation is to increase the [-

time to make use of this piece of knowledge. ? I we extend I-time long enough, it will eventually become A O oniig et

longer than exhalation and we end up with an “inverted L:E ratio” that might be written as 2:1. We previously

stated that we “always™ express an LE rato with a *1" as the first number, but we lied - the exception (o that byl - Tug”

rule is when we have an mverted I.E ratio. Let's amend that previous rule to say that one of numbers i the Vigh just russing g - =

ratio needs to be 1™ and that it is always the first (inspiratory) number except in cases where we have an 6
(

o

mverted | E ratio So we have a Hgb with four scats free for the blood vessel train, one of which is occupied by an 0>

The primary drawback of a really long I-time (and therefore of an inverted I:E ratio) is that it Js.63 molecule and the resultant hypothetical SpO: here is 25% (1 of 4 seats filled). Fill all four seats up and we are
uncomfortable for our patients and we will need to get super aggressive to maintain patient synchrony with the *100% saturated” as so:
machine. Comfort is one of the three super duper important concepts in this section, so cnough said about that
until we get there. An inverted I:E may also make it tough for the patient to exhale fully, predisposing us to that

\ » AUPEEP 1ssue. Summary up to this point is that there are three ways to improve oxygenation h[sphuung - I th{ l"ﬂr ntﬁ-
N ) = | ~dialslon the vent increase Fi0, add PEEP, and lengthen the I-time ’ w "j 5 -~ Hgb
Np 5 “Now why.” we might ask, “do we not just fill the lungs up with 100% oxygen and keep them inflated - 7
' we'd have a forever-long maximum diffusion of oxygenation into the blood stream, nght?"* There are two Y L4 l-’b" ™ J
reasons for this. One is that we don’t want to drop preload or blood return to the heart indefimtely (as discussed ‘;: 1 by ‘ ,'f of
above). Two is thatitisn't all about oxygen — we also have to consider its partner in ¢rime, carbon dioxide. . 9 .  « ! “, ‘1#
Carbon dioxide doesn’t diffuse so well in gas (as compared to oxygen) because it is a bigger, heavier molecule. g0 o { *°* Do note that Hgb, $orie-mest-part, doesn’t cruise freely through the vessels, it comes attached to red
The movement of carbon dioxide, therefore, is partially dependent on movement of the body of air in which it * blood cells (lots and lots of Hgb per each RBC), but the four seats per Hgb is a fair description. Also consider
hangs out. And that leads us into our next section on ventilation, but a few more things to cover before we get AL that we measure this saturation peripherally (hence the “p™ in SpO2 versus an Sa0O- for “arterial” or an SvO; for
there. J/ “venous”). This means that if blood isn’t getting to the periphery where we have our little probe attached,
Recall back to our previous discussions of both the hypoxic vasoconstrictive response and alveolar dead numbers may not be accurate (and one way around this is to always confirm a good qualitative waveform before

0O, 0-

space. There are times where we are getting oxygen into the system just right, but components inside the : ﬂ ﬁ -;{ o believing a quantitative value the machine gives you)
N
" While we could also make the argument that gong up on RR increases the amount of ime spent on inspiration, doing so also " Spooner & fnends, 2011 - This study provides evidence for head of bed elevation in all ventilated patients (excepl as
impacts ventilation (next section) so we generally don’t consider RR one of the vanables by which we control oxygenation contramdicated)
5%
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One last summary before moving on from oxygenation. Oxygenation is one of these three super duper
important things. We measure it via SpOz, which tells us how filled up with oxygen the Hbg (attached to
RBCs) in the blood are as they move past wherever we have attached the SpO: probe. To get a better number
(or iImprove oxygenation) by moving numbers on ihe vent interface, we have three options (and we typically do
them in this order): increase FiOz, add PEEP, lengthen the I-time. All thajsaid, let’s not forget the basics:
position your patient appropriatgdy And make sure ventilation and comfort are addressed
simultancously (see next sectic

Ventilation (and EtCO, L4

Next super-duper important thing is ventilation. Ventilation refers to the movement of air in and out of / [?'f‘
the system as we deliver breaths and allow exhalation. As discussed before, this is vitally important for the
mavement out of carbon dioxide. Too much carbon dioxide hanging out in the lungs w ith no escape is bad
news, so we can’t just focus on gelting oxygen in. So how do we know il we are moving enough air for a given
patient? There are two strategies here and we will discuss them both in turn: calculated minute volume and
end-tidal carbon dioxide (EtCO2)

If we math it out, our minute volume goal for the typical patient should be:™

MV = 100mlkg (IBW) /min

This number varics a bit for patients with an increased need (i.c. acidosis), but it’s a good place to start
as written and is an appropriate minimum for mosl patients. llaving a goal minute ventilation in mind and then
assessing actual minute ventilation (typically dcl}:ﬂlﬁcd by the veny) js great way 10 ensure that the patient’s
minimum needs are met. g oy -7):’ . ‘s

Concurrently, we Alsu use ELCO: 1o monitor #entilation. When the body uses up oxygen at the

tissue level it kicks bm'k/'(): into the blood stream. That carbon dioxide then makes its way up to the lungs
where it passes into the/alveoli and then is exhaled out. 1t looks about opposite 10 our previous sketch showing

i Ve ”_L <ip?
movement of ? J:’k ‘!:'1:4 Oqfié eI

how oxygen moves through the system:

carbon dmﬂhﬂ | e N ‘7
=54 00\
L0, from cells 10 blood blood 10 alveols shcoli (lungs) 1o iveee \\\!

So the value we get on our quantitative EICO: reading 1s a function of all of these factors. It gets a bit |
complicated, but the standard approach to managing ventilation with E1CO: is to use a base range and adjust
minute volume (which is a function of both RR and TV) to get the quantitative value within that acceptable }

v
g} R
(Doj\ e 38
Vﬂﬁh* o
o ¢
pl‘

¢ &'

" And we discussed where this number comes from previously, in the section titled Minute M olume
54.-
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range. Normal range for E1CO: is 35-45mmHg; values above range require an increase in MV to “blow off”
more carbon dioxide, values below range need you to read the next paragraph carefully.

A low E1CO; can be caused by a few different things, one of which is hyperventilation or too much
ventilation. This can be detrimental to a paticnt, as an alkalotic state (due to too much tidal volume and a low
EtCO:) can throw off the patient’s homeostasis and lead to some bad stuff. [n this case, it'd make sense (0
decrease MV (by lowering cither RR or TV) to get the EtCO: (and therefore ventilation) back to normal. All
that said. a low EICO: could also be duc to a breakdown somewhere else in the system (1.¢. at any of those
yellow lines in the previous drawing). For example, if perfusion is no good we may sce a low EtCO:z even
though the issue is not necessarily a ventilation problem. In this case we could kill the patient by “chasing”
their EICO: or dropping MV 1o an unsustainable level.

We can navigate this whole situation by managing ventilation by looking at both minute volume and
EICO; instead of just EICO; by itself. There are times when we will be a bit off with MV and others when our
goal range for E1CO: varies, but this system of dual parameters to evaluate ventilation is a safety check to
remind us of all the factors that go into ventilation. So o summarize: we measure ventilation using both a
calculated MV goal and EtCO:. MV goal is 100mVkg/min; normal EtCOz is 35-45mmHg.

And one final point before we move on: when faced with the choice as to whether we should manipulate
RR or TV 10 effect a change in MV, here’s what wi recommend: 1o increase MV, utilize TV first; to decrease
MV utilize RR first. To explain why that iséots/s:y‘\‘vc have a patient breathing at a RR of 15 and a TV of

450ml:
Anatomic
Dead Space
v
Alveolar TV

/ TV 450ml MV = 6750mlmin
o c 5
Anatomic Dead Space L_D_m] % IS/miin
Alveolar TV 300m! VA ~ 4500ml'min

3t
ay we need to increase VA (which, just as a reminder, is alveolar minute volume) by an
arbitrary ¥&luc of 300ml. We could do this by either of two ways: increasing rate to 16 or increasing TV of
each breath by 20ml. While either method is just fine mathematically, adding in an extra breath is a bit less
efficient and puts more stress into the system. That stress comes in a few different forms, but we'll get to all of
those later.” And here's how the math would look in either case:

" More breaths means more % TuDP (2 made-up term discussed in the Hypotension strategy), an extra inflation/ detlanon ¢y d
sl‘lhscqucm stress on the alveoli (discussed already in PEEP and agam later on in Driving Pressure), and potentially some {
discomfort {see next section on Camflort) ’
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ncrease in RR = more nme spent during inspiration

(which may theoretically be OK for oxygenation issucs, but we prefer

1o keep ventlation and oxy genation independent in our vent changes)
Case One: Increase RR

I'V 450ml MV = 7200mVmin
- Anatomic Dead Space 150m1
__________________________________ x 16/min
Alveolar TV 300ml VA = 4800ml/min MV is different
(1. more dead space in Case One)
Case Two: Increase TV
TV 470ml MV - 7050mlmin VA is the same
- Anatomic Dead Space 150ml 4
X 15/min

A'V\.IJI.I{ v 320ml

VA = 4800ml'min

Now on the opposite end of things, if EICO: is low, which indicates too much MV, then we back off on
RR first. That gives us the same differences, but in the reverse: less VA (which is what we want) accompaniced
by less time spent during inhalation and less dead space. JAy'we said before, each strategy (titrating RR or TV
15 Just fine to make any change in ventilation, it’s just a NinYare efficient to use TV to increase ventilation and
RR to decrease ventilation. And we start our venuilationy/Strategy using a weight based goal for MV (by way of
an age-based RR rate and weight-based TV) and then tftrate it as we gofo an E\CQ0al

A

IIIL‘ third super duper important parametgr that we need tof consider with vent management i1s patient

Comfort

comfort "
therapeutic effects that we want 1o achieve will be more difficult to attain, This asynchrony can also lead o/
mcreased airway pressures which leads to more problems downstream. And one more thing: it’s kind of rude’to
shove a big plastic wi someone’s throat, take over their respiratory function in a way that goes oppésile
to normal physiolo then load them up inside a small flying box with people crowded all around .uf?uls
of noise, vibration, Wefrd lights, ete. So let’s he plee people and keep our patient’s fechngs in mind. / ¢
We won't spend too much time on 1R ject of pharmacology, as the main focus here is on’ ;.’
manipulating the ventatsell, but recognize thét analgesia and sedation are two different things and that we need
1o treat them both. Also recognize that paralysis should be a last resort for nearly all ventilated patients, as it
prevents us from actually assessing and evaluating our patients. And on that same note: while do want our
patients o be comfortable, this doesn’t mean that we “snow” them all or take away any inhercht respiratory
ellortin order to achieve this goal. There is benefit to »cnhlalcd patients making some mlrme-u. respiratory

effort and we like to maintain that whenever possible 7 /

Pustun & fnends, 2018 — This aricle is a litreview of lots of different papers on comlort in mechanically ventilated patients, while
nmuch of this stufl InlL.hl be hard 1o relate to a patient we intubate in the ficld on a scene call, lots of it can u-nml.nc 10 the intertacility
transfer side of things
7 Maun & Inends. 2017
consequences
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Discusses how o navigate the benefits of spontancous breathing in the vented patient with potential

o B

" It your patient 1s not comtortable, (s)he may be “fighting the vent™ or “out of synch” and the {

PN 3:'&\7.
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When we manage comfort it is important to have a strategy for quantifying the idea so that we can gauge
the efficacy of our interventions. Many agencies recommend scales or tools to use and here are some
examples:™

| FoTEN
Mmmwr-misgum i 5
Category ° 1 2
ae No particular expression Oocamonsl grimace, Frequent grimace, learing,
o smn tearng, frownng. townng. wrinked
wrinked forehead forntaad
\chivity (moverenl) Ly\ng Quistly. normal Seekrg aflertion trough Restiem, mxcrssve o vy
powlon muvement o sow, sncor withdrawal
R Tovernert refienes
Suarding Lywng qeatly, no Spiinting areas of the body, Fogut, st
posiioning of hans ower boran
areas of e body
P iywology (vital signs) Basewe wlal spns Crange n ary ol the Cnangs n any ol e
unchanged Tt owny ooy
. WP mm g . WP 30 mm Hg
o R avmm . R 2mn
tespiratory Basstne WSp0, PA - 10 above baseine, o AR - 20 atove baseine
synchicnous wih 5% Gecraase Sp0,. or 10% dacreace Sp0,. of
ventiator méd asynchrony wih sevem asyrchrony win
ety verttiator
\ Ju—— g O Frtml M Smreets A & gl G O A (o o o et ity § s Ounavmsrs o (ode o
r n - Lo ces
) A g4 " ¢ P
it eird
al Richmond Agitation-Sedation Scale (RASS)
LR fw
alioy Tum —Socipten
4 Combative Overtly combatn e viokent immediate danger o saff
.\.. vh Nery agitaiod TPulls of ranoves tubcts) or eaibeter(s), aggresive
b 2 \prated Frequent noapurpose al movement. fights v catlator
Kestless

iitioas byt meements mof aggresely vigoms
Alertand calim

PEE 1 Duowsy Notfully shert bt bas vaseucd aw ke )

"'&" (Cye opTung cve comtact) 10 wacr (2 10 swombi l Verbal
\\ &‘., = 2 Light sedation Drictly makens i voce wiih eye contsct (<10 weonds) | Strclatien
- \ (v \‘ j 3 Modiiake sedation Maovemont o sye opung o wice (bt o o omtacy)
P | \\ 4 Decp sexlanon Nob wesponse 10 vorce ot mosement o eye epemng \
? ° w phewical sumalaton > ‘Sw—v.(a:lm
l\\i\‘v‘, ' S Unarcwsble Nor tespomse o voce o phyoncal stsmmlation )
W\ M

:ontext: when some of us w
“GCS 15

Relevant story to put this i
being put more or less like so,

¢ [irst taught GCS, we might remember 1t

i) nurses like to hear on radio reports and that
e i supervisors like to see on charts, so even thom ly don’t calculate a GCS in the field, it is important
e 3 / 1o sort out before you get to the hospital and befol submit your chart.” Sedation scales are not those types
o [ of things, they actually help in real time are not it another box to check to avoid a nit-picky peer review

from a colleague. With that said, it's also OK
. steps and other important things and so it is ;
‘-\ first round of sedation and analgesia, and fficn pull out a sedatioh scale reference card once we are sailing
smoothly and work through it checklist-Style with our partner.
ct’s imagine a hypothetical scenario to get into the details on this: we pick up a vented human from a
t's obviously uncomfortable and out of synch with the vent, we address ventilation and oxygenation

¢rt!) to have an initial, preplanned strategy for

hospit

™ M & Fowler, 2010 (imag

) Diaz, 2018 (muge)
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(per prior discussions) and then give our preplanned analgesia/ sedation combo and are on our way. Now we
are cruising along, referring back to our chosen sedation scale reference card to find that our patient is
becoming more uncomfortable - what do we do? Most obvious is pharmacologic intervention, that's often what
we teach 1o Tirst and s a totally acceptable move. But there are other things we can do on the machine that may
not have the negative consequences/ adverse etfects that the drugs do

One parameter that we've discussed previously is 1-time — occasionally a minor adjustment here can
make a patient feel more comfortable. Not sure there’s any evidence on this beyond the ancedotal, but as long
as we aren’t making large adjustments that impact ogtter Yalues, we should be good to experiment here.
Switching modes may also help in this situation. V sntioned this already, but breaths are delivered
differently in difterent modes and sometimes one m; 1 better to the patient for whatever reason. And lastly

we can consider adjusting our triggers 10 make it casier for the patient to take a breath when he or she wants -
more on that to come

So last summary here and we'll include all three of these super-duper important parameters that we need
1o address on all of our paticnts, hands down and no matter what. - Comfort should be assessed using an actual
scoring tool and can be fixed with both drugs and vent manipulations. Oxygenation is measured by SpO; and
gets fixed by increasing F10z, adding PEEP, and lengthening I-time. Ventilauon is evaluated by looking at MV
(comparing it to a calculated goal) and EICOs, we make adjustments to RR and TV to manage ventilation;
increase TV and then RR to increase MV, decrease RR and then TV to decrease MV, Q
p) Bt yo ;

- S8 -
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Vent Parameters, Round Two

This next section discusses a few more vent parameters that we measure after the initial setup or taking over
of a vented patient. They are considered separately than the ethervalues previously discussed because they are
dependent on other things — we can’t typically dial them into the machine, but rather we measure them Lo assess
how things are coming along with the values we were able to control. To help clarify these ideas, which are all
interrelated, let's refer back to an image we previously discussed. 1t shows pressure we put into the system over
time as a breath is delivered in volume control ventilation:

pressure +

time =

We previously used this graphic to demonstrate a few concepls in general, but it is now worth
mentioning that this waveform and the two subsequent concepts (peak inspiratory pressure and plateau
pressure) apply to volume control ventilation. Let’s first get thingsd fn for volume control ventilation and
then we'll talk about how these concepts carry over into pressure control ventilation.

( 1 |l E ")

Peak Inspiratory Pressure™

PIP

'

o

pressure

| time =

Peak Inspiratory Pressure (PIP) is the highest point on this waveform. It represents the maximuin
pressure as we deliver a breath into the system. It is also known as “peak pressure” (Ppeak). PIP is a function
of both how we deliver a breath via the machine and how easily that breath can get from the machine down to
the alveoli. A normal PIP is <35cmH:0. An isolated PIP that is too high generally won't cause damage to the
paticnt, rather it likely indicates something gone wrong in the system. This is particularly relevant when we

™ Nigkson 20194 - Short article that provides another good review of both PIP (this subsection) and Pplat (next subsection)
— S50
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have a normal PIP that then become elevated —
underlying issue.

On the machine end, PIP is the re
cssentially deseribes how fast we

in these cases it is important to seck out the cause and fix the

sult of flow, which (recall from our section on | pes of Breaths)

push air to achieve a breath, We generally don’t manipulate Joty directly on
transport ventilators, so to decrease PIP by pushing buttons and-deerhng-tnes on the mm‘hmbﬁ have to makg
things happen in a roundabout way. Which isn't ideal and it gets complicated and the truth of 41 all 1s that most

of the PIP issues we face are due to pathophysiology or equipment issucs, so let’s just skip fight on ahead to

how we can decrease PIP via other mechanisms outside of the vent itsel M \

Causes of an elevated PIP include many different things like secretions in the ETT tube, bronchospasm,
patient discomtort, mainstem intubation, pneumathoras, pulmonary edema, cte. Any time we see a high PIP we
ought to try and dentify a cause.*' Once that cause is identificd, then we can decide whether or not an action is
needed. For example, a high PIP due to secretions should getsuction and a high PIP due to a pneumo should
lead to decompresston:-au, the ogifer hand, a high PIP due to a small ETT may be acceptable. The PIP in this
casC represents pressure at the T and not the patient’s anatomy, so we may decide to leave it alone
(especially is there 1s good réason for that small ETT, such as airway swelling).

Another consideration here is patient comfort and the idea of laminar flow. Without getting too far into |
the weeds on this, recognize that air can move freely and efficiently through a uniform pipe or tube, but with |
movement or disruption to that tbe airflow will be less uniform and more chaotic and will result in higher
pressures. Keeping our patient comfortable and in synch with the vent leads to more uniform (i e efficient) air
movement and lower PIPs. Morale here: make sure your vented patient is comfortable  And il you notice an
increase in PIP, comfort ought 1o be one of the things to consider.

To measure PIP we simply need 1o look at the vent display. Most machines will either give you the
value of PIP or show a little barometer of sorts that fluctuates with each breath — PIP is alw ays the highest value
that comes up duning a breath. Another way 1o keep an eye on PIP is by selling an alarm so that machine yells |
atyou when a certain pressure is reached. This is similar to the idea of setting your SpO» alarm during an RSI
s0 that the monitor alarms when your patient desats and you know to stop the attempt and reoxygenate the
patient. That said, there is one enitical difference with a high pressure alarm on the vent yes it will tell you that
the pressure has gotten too high, but it will likely (depending on model) also cycle off the breath it 1s giving in
response to that high pressure alarm. This can potentially Kill your patient and we will get in to that a bit more
later on ™

So i summary, PIP represents the maximum prcssurcww?ﬁt as a breath is delivered by the machine.

A normal value 1s <35¢ml1:0 and we measure it by looking at the feedback on the vent interface, Polential
causes include too much air, too much flow, small ETT, kinked ETT, patient discomfort, secretions,
pneumothorax, mainstem ETT placement, bronchospasm and decreased compliance. While there are subtle
ways to address PIP on the vent, interventions should focus instead on aipivay issues and comfort, b

2 Ay

/ )

" But for the cm.uu,—uﬁkum there m VC flow 1s dclcnulm"’algonlhmiully from TV and I-time; in PC it is a function of pressure and
I-time; wath P'S breathy Il)i:‘ A function of “nisc profile” which we will hold off on discussing here

*" And one part of howl wédo that 1s by assessing Platewn Pressure (next section) - and e have this all drwn out in a flowchart
later, but first we need discuss all the terms and concepts first (see Watching Pressures | you just can't wait!) /

* Conveniently enough, lih\\ 15 10 the section on Alarmy
- 60 - \
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Plateau Pressure

Pplat
rd

pressure +

| me > s, A o
' o3t J (4

Plateau pressure (Pplat) is the pressure in the system once the lungs fill with ajf and before the breath
cycles off. It represents the pressure at the alveoli as they are at maximum inflation during inhalation. A
normal Pplat is less than 30cm H:0. Values higher than that can lead to dircct damage to the alveoli which can
subsequently cause issues with the whole respiratory process. There is no “too low” for Pplat but recognize that
lungs that aren’t being filled all the way (i.¢. a low Pplat) may not be maximizing the surface area of alveoli and
therefore oxygenation may not be at its best. And we will discuss this concept later on.*’

The primary cause of a high Pplat at the start of ventilation is too much tidal yolume. That said, it can
also be present or develop over time due to patient discomfort, decreased cnmplianci’mcumolhomx. mainstem
migration, and inhibition of chest wall expansion (such as in bumns).* If we get a high Pplat, it is worth
considering these other causes (and addressing them appropriately!) before dialing down TV, as we don’t want
to give up Iy unnecessarily.® We do, however, want to avoid a sustained high Pplat over many breaths, as
that will likely lead to damage attheatveotartevel. [o fle alu-d 1,

Mecasuring Pplat is little less dircet that measuring a PIP and involves what we call a “mancuver.” There
are two maneuvers that we will discuss and this is the first of them. While we could theoretically watch the
barometer on the machine and wait for that point during inspiration where pressure stays constant for a short
spell, that amount of time is quite short and this is logistically difficult to accomplish. The workaround is to
prolong inspiration via a maneuver called an “inspiratory hold” and allow the machine to measure that pressure
accuralely. It would look something like this:

Pplat

pressure

I time &

Basically wej)ef perform the inspiratory hold maneuver (in whatever way 1s appropriate for our
particular machine) and the Pplat either pops up on the screen for us or we have enough time to read the value

from the barometer. Easy enough, but when and how often do we do this thing? There isn’t a universally

*' See Tirating Up on Vie?

H Recogmize that some of these were also on our list of causes for high PIPs, but not all of those high-PIP things will cause a high
Pplat

** And we will revisit this idea m an algonthmic fashion in the section called

¥

Watching Pressures
-6l -
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A

accepted frequency for measuring this (or any of the other pressures discussed in this section), but it seems o

make sense that we just add them on to our reassessment of vital signs (so every 5-15 minutes, depending on the

program and patient acuity)
10 not checking often enough. Ala mimmum, Pplat should be measured after any increase in TV 10 make surc
{hat we don't cause alveolar damage (and this includes after first putting the patient on the vent).

) ]}f A ey
One last thing about Pplatis that the value we get s essentially an average of alveolar pressures across ¢ ‘ &,Tu
s L g

the lung. Some regions will experience higher pressurcs, others will experience lower pressures. The lung is
not uniform throughout, but we can’t nghtfully measure aly colar pressures in specific lung regions or see @
what degree this value would vary across the different parts. The safe imit ol -30cmH-0 is a good guideline
by which to limit our vent sciuings, but recognize that this doesn’t mgan that a pressure higher than that o gne
alveolus or a region of lung will always cause harm. ol 'I |J - ,”.'J L”:a-, (Md l"Y
In summary. Pplat 1s the pressure seen by the alveoli when we deliver a breath in voleshe control
ventilation. A normal value is <30cmIl:0 and we measure it by performing an inspiratory hold maneuver.
While there is no bottom limit to Pplat, itis Important to recognize that we want to fill the lung and alveoli up
with cach breath delivered. so be wary ofa super low Pplat and consider inadequate TV (and subsequently
MV) High Pplat can be caused by oo much TV, Ction to chest wall expansion, mainstem
intubation, and a few other things that we'll spell

CuRo, Tes
¢ fater on

AutoPEEP

AuloPEED is the idea of PEEP being cumulatively added into the system inadvertently. Remember how
we sad before that we assume atmospheric pressure 10 be OcmH 10 as the starting point for our vent discussions
and that PEEP 1s the addition of pressure on top of that (i.e. “adding Sem of PEEP to reset that baseline to
semlla0)? Well, AutoPEEP is when (hat bascline starts to creep up lrom whatever we have set as PEEP 10
higher values because the patient 1sn’t able 10 exhale all the way back to bascline before the next breath comes

around. This idea is commonly referred to as “breath stacking™ and mieht be represented like this:
ar
¥ AutoPEEP
£
2 PEEP I
1
£

basehne clevated with addition
of more pressure above PELP

tme > pppp (Semi120
above basehne)

AutoPEEP: difference between
where we end up and preset PEEP

Normal AutoPEEP is zero, i.c. we shouldn’t have any AutoPEEP in the system at all. Presence of
AutoPEEP in volume control can fead to an increase in other airway pressures, most importantly of which is
Pplat; AutoPEEP in pressurc control can result in decreased VTe and MV:

3 J\:"’,y“i{g
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While that may be overkill, it's better 1o measure 100 much than to miss things due
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;5 AutoPEEP §
i PEEP PEEP |
c ume >
é nme >

IV - arca under the flow time wavcform
less AP = less flow required = less TV

T'o measure AutoPEEP or to check its presence, we have to perform another mancuver called an
“expiratory hold.™ Just as with the inspiratory hold for plateau pressure, doing an expiratory hold allows us to
accurately see what the real time pressure is when we expect the breath to have returned 1o bascline. Normally
the machine will calculate an AutoPEEP for us by subtracting PEEP from whatever pressure it measured during
the hold.

If we do have AutoPEEP this means that something is getting in the way of the patient exhaling all the
way back to baseline before a subsequent breath is delivered. This could be due to patient discomfort or need
for more MV, but it can also be due to obstructive processes that get in the way of effective exhalation (i.c.
asthma and COPD) or even inadvertent triggering of breaths. The fix on the vent interface would be to shorten
our I-time or decrease RR to increase the IE ratio and allow more exhalation; otherwise we could consider
more sedation/ pain control and make sure we aren’t accidentally triggering.*’

One other thing we can do to climinate AutoPEEP and recstablish our bascline at actual PEEP is
disconneet the patient from the vent circuit to allow a full and complete exhalation. This is one ol those rare
cases in which it is OK to disconnect the vent circuit from the patient during transport for therapeutic reasons.
Simply allow the patient to exhale and then reattach the circuit (and most likely cancelling out a bunch of
alarms in the meantime!). Just to make sure we understand how this works, let's draw it out as a waveform
over time and label things along the way:

disconnect the circust PEEP back at
1 inutial setting
t
[> | N
AutoPEEP builds up reset o “zero” reattach circurt

* There are other
waveforms Xl
1 There is also some discussion out (here about using applied PEEP lo miugate AutoPEEP, butl we will get 1o it when we discuss the

Ohstruction stralegy
M ) .\(L,) i
le

'| 14

ays 10 clieck for AutoPEED, but they areg't typicgl! ?(Slahlc in transport unless we have access o scalars or
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To bring it all home, AutoPEEP 1S a mo
in for PEEP. Issues with this are
Causes include inability to exhale

vement of the pressure baseline above whatever we have dialed
ncreased pressures (volume control ) or decreased volumes (pressure confrol).

; fully, agutation, and inadvertent triggering. Fixes include extendingambunt
ol time spent in exhalation (shorter [-ime,™ lower RR), treating discomfi avoiding accidental 1 ders. In
addition, we can reset AutoPELEP back to zero hyﬁhsmnn ting the vent it

orph's (
PIP & Pplat in Pressure Control? /

|
the context of volume control ventilation, but
what a pressure control breath looks like mapped

N
Up to this pomnt we've discussed PIP and Pplat opty j

things are a bit difterent in pressure control. Let's start wy
out as pressure over me

pressure in t the
system stays constant
throughout the breath
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First thing to mention here 1s that PIP will only be above that flat line at the top of the square wave form
(marked by the red arrow in the craphic) if something causes a disturbance in what the machine is doing - a
hiccup, patient movement, speedbymp, ete. The machine won't mtentionally put more pressure than what we
have dialed, but a PIP higher Lh.lpf\sc( pressure control can occur. So while we may still set a high pressure
alarm and monitor PIPs in PC vénulation, our concern is more for being aware of disturbances to the system
rather than being aware of chadges 1o air flow (i.¢ abstruction), as was the case in VC ventilation,*
Next thing: it generally happens that the av erage alveolar pressure eventually does equal that pressure
w_represented by the top of the square waveform (towards the end of cexpiration), therefore we assume it to be truc
atHE equals Pplat. And because of this assumption that mostly holds true, it's OK that some machines don't
letus do inspiratory holds in pressure control ventilation, as the data gleaned from the test just wouldn’t provide
any additional information. And also because the primary reason we want the Pplat (in volume control) is 1o
rule out hagh alveolar pressures (1o ensure the safety and wellbeing of the alveoli), in pressure control if Pplat
docesn’t mateh pressure control it’s because true Pplat is less that the pressure control (which is a bummer, but
nota safety concern for the alveoli).

Now the mechanism of it all is that it takes time for the alveolar pressure 1o rise up to match the pressure
going into the system. Even though we start with a high pressure at the machine end of the system, it may take
some tune for that pressure to equalize down to the alveoli. If our I-time isn't long enough to allow that 1p/”
happen, the alveolar pressure (or plateau pressure) may not ever get up to the level we have dinded-a
pressure control. We work around that in volume control by performing an inspiratory hold and wai
long as we need to in order to see that pressure even out. We don't always do that in pressure cony

" And we ment

i passing before that using VC ventilgtion yhay help us get o shorter I-times due 1o the nature of the “square
wave” flow pat {

1al was in 1y pes of Breathy and we'lf circlf back Jo it agan in Obstiuction )
we become aware of those obstruction 1ssu by monitonng VTe and maybe flow (if available)
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as we said just a moment ago, the platcau preésure won't be above our pressure control value and so there 1sn't
so much of a safety concern /
But if we wanted to know a little m,‘rdaboul what's going on in the alveoli and we can't do an I-hold on
our machine in pressure control, we can get fmytial picture of things by looking at flow. Pressure control
breaths start with a highcr flow and then wn to zero flow throughout the breath. While it may be hard (o
see with quantitative values on your machiffe7unless you can view waveforms), if flow doesn't get down 1o
zero before the breath cycres off, then we can consider that the pressure in the alveoli may not have made it up
10 the level we put in on the front end:

\ e
O

i

\k 1,0\‘\ : -::LP..
.(.l\l‘
e el

All that said, this isn't a great method unless you have waveforms to look at. And even then it's a
binary thing - it says whether or not alveolar pressure got up to the value of pressure control, but it doesn't tell
us what the alveolur pressure actually was. There are other Ways to measure or approximate Pplat, although
they are unlikely to be available to us in the transport setting.™

So what utility is there in knowing alveolar pressure (Pplat) in pressure control anyways? We said
already that the usefulness of this information in volume control is to guarantee safety of the alveoli, but that
isn"t an i1ssue in pressure control. Potential uses of knowing a Pplat in pressure control would be making sure
our [-time is appropriate (i.e, that the inspiratory time is long enough to allow pressure going in to match
pressure at the alveoli) and calculating things like compliance and driving pressure (both discussed later™)
These are all cool things to work with, but it takes both time and effort and, therefore, may not be the best use of
one's cognitive capacity when managing a sick patient in the transport setting. We will discuss this stuff, but
know that Pplat is primarily a tool for ensuring alveolar safety in VC ventilation

™ Mool & frignds, 2015 ~This short paper assesses the efficacy of these alternative methods
pressure)
“I'In the section Qther Randa

of measunng Pplat (and also delta
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Mean Airway Pressure

Last pressure 1o talk about is mean airway prq;/surc 1t's typically represented as Paw (stands for airway
pressure) and less often as MAP (mean airway pn:s;n'irci P, is the average pressure in the system throughout

the respiratory cycle. There s a formula to estimate Paw, butit’s probably casiest lo just read off of your

machine (assuming it's there). We don't often use this pressure (0 guide treatment, but if we notice changes in

{lie mean airway pressure we can then look into details as to what changed in the system 1o result in that

outcome. For example, a high Paw can result from all sorts of things, cach of which is a totally different issuc:

an merease in either PIP or Plat, the presence of AutoPELEP, and increased rate. And same thing on the opposite

end, lots of things can cause Pu to drop and we/Ahen must work to identify a specific cause.
One other thing about P 15 that 11 ¢ strongly correlated with oxygenation "2 Back in our
discussion of Oxygenation (& SpOz) we (aled about how PEEP and I-time contribute 10 improved

oxygenation. More of either of these thing

cads 1o a lugher Py, so it can help to think of oxygenation in terms
3 I

of this pressure and F102 Just recognize that oo qucl\ of this good thing can tum bad (i.e. too much pressure

can have bad oulcomes, as prev jously discussed)? nd while we commonly separate oxygenation out into

multiple concepts (as we did previously). it may be worth keeping this in mind as we look for trends in patient

presentation

-
9 | odorserto, 2018 - Sucenct explanation of this relationship between Pon and oxygenation
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A General Vent Strategy

In this scction we are Boing o summarize general parameters in each type of ventilation (ic. cach
combination of mode and control). The idea here to demonstrate what settings and goals are shared among all
methods and which are specific Lo certain types of ventilation. This general strategy 15 similar to what is often
described as a “lung protective” strategy that first came on the scene in regard to management of patients with
Acufe Respiratory Distress Syndrome — we've opted to present the two as distinct strategics and we'll circle
back)to this idea when we get there.”? We will also hash out few of the differences in determining general
settings for adults versus pediatrics. Let's start with a discussion of things that apply to most vented patients,

regardless of mode or control:™

TV = 6 — $mikg (IBW)
MV = 100mUkg (IBW) /min

If we choose a TV of 6ml/kg and our goal 1s 100mU/kg/min, then our calculated rate is 17:

MV =RRxTV
100mI/kg/min = RR x 6mlkg
100mbkg/min + 6mbkg = RR

~17=RR

\ L’ f’tc

A
T
aery R

Likewise, if we go witl 8ml/kg our initial rate (to match that MV goal) comes to 13 per minute
Although it's not uncommon lo\se¢ recommendations for an initial rate of 10 to 12 with adults, for the sake of
using reason and math and not pulling things out of thin air, calculating a RR based on a MV is our preferred
strategy. There are often gtmrc(usuns 10 use a lower RR, but we'll get to those later.

Moving forward, if we have a range of TVs to choose from, sometimes it just makes life casier 10 pick a
nice, even number. For cxample, with an 80kg paticnt we end up with a TV goal range of 480-640ml and a MV
goal of 8L; i's 2 totally legit move to choose 500 or 600 or any value in that range. Just recognize that if we
pick a higher value for TV, we may want a lower value for RR just to keep our MV approximately the same.
This does not have to be exacl, as we will adjust these scllings as We g0 and work towards our goals moving
forward. So we may choose a TV of 500 and a RR of 16 (for a calculated MV of 8L). Ora TV of 600 and a
RR of 14 (for a calculated MV of 84L). Either is cool for now and we'll dial in our settings once we see how
the patient responds to it all.

-

9 That will happen in the section on Al I/ ARDS

“ Notc that some patients do require different goals and we will discuss those shortly in Specific ent Strategies; also, refer back to
sections on Tidal Velume and Minute Volume for a discussion of these suggesuions
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As for kiddos, the preferred strategy is to choose a rate in line with a reference card and disregard the
above suggestion of 13-17/min. While this will result in an overestimation of MV.” we can titrate values to

address that later on. For example, let's assume a 4-year-old kid of 18kg. Based on this chart (again, from
PALS) we want a RR in the 20-28/min range: ™

You can also use this chart based on the PALS data”?

_Age Description Age (yrs) RR | I-time (s)
_Infant | OK3 (1 month)-1 | 30-53 | 0306
_ Toddler | 12 2137 0409
_ Preschooler 3-5 20-28 | 0.5-0.9
School-aged Child |~ 6-7 18-25 | 0.6-1.1
_ BigKiddos | 89 [1725] 06-12
_ Preadolescent 10-12 1423 | 07-14
Adolescent 12-15  [12-20] 0817
Adult 16 and up 12-20| 08%-17

And let's take these values and do a few calculations as so:

TV =6 - 8mlkg IBW
TV = 6-8ml x 18kg
TV =108 - 144ml

MV goal = 100mUkg (IBW) /min
MYV goal = 1800ml/min

Because TV tor TV goal in PC) stays the same
" Amencan Hean Association, 2016 (mage}
* And sec Appendia for an explanation of the amateur mathing that got us to this chart
- 6K -
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MV goal = | 8L/min

MV calculated = RR x TV

MV calculated = (20 = 28) min x (108 = 144)m|
MV calculated = 2160- 4032ml/'min

MV calculated = 2 - 4L/min

The result here is a MV goal that differs pretty sigmficantly from the calculated MV, but what to do with

this information” We will eventually want a MV (preferably measured as “exhaled”) that matches our
quantitative goal of 100ml/kg/min and also gives us an E1CO; in the normal 35-45 range, but let’s start with 6-
$ml/kg anyways and work towards that goal in the first little while after starting ventilation. This
overestimation is particularly important and maybe even lifesaving if you decide to ventilate a kiddo in yolurfe
here is always some mechanical dead space that we introduce into the system that sneak
way in 10 our calculated MV number and this overestimation will mitigate that.™ ) —sp PV s S

control mode.

So we have TV, MV and RR all sorted, both for big people and small people; next we need to consider
the other parameters that are constant between modes and control methods, then we will talk specifically about
those things. Lel’s put it inio a chart just to make it easier to visuahze. And this chart is basically a summary of
the section Yent Parameters, Round One — for review of the specifics of any of them, just refer back 1o that

bit:
Parameter | Value Pro Tips o
vV 6-8ml/kg Pick an casy number to work with that falls ik%c
MY 100ml’kg/min Just take IBW in kg and move the decimal ovef ]
(75kg IBW = 7.5L MV goal) /
T RR Adult: 13-17/min Carry a reference card or have an app on a device to quickly
Kiddos: usc a chart reference the pediatric values ¥
110 1.0, then titrate down You can titrate down in big jumps also, no need to go in small
increments unless you have good reason to do so™
PEEP 5-6cmH0 For most vents this will be whatever the machine defaults (o
I-time Adult: 08-1.7 Normal for the adult 1s 1.0
Kiddos: use a chart

v

" To see this ajl spelled and drawn out in detail, refer to Appendix
 Weingar, 2010; Lodeserte, 2018 - Both recommends starting at 100% and then dropping down 10 40% 1o sec how the patient docs
- we can alwflys utrate back up if need be, but if all is well we Just leave it there (or even keep titrating down)
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Net step is 1o look at what extra parameters need dialed in on the machine depending on which mode
/and which method of control we choose for our patient. As we smd before, we can ventilate any patient i any

/ -
v )( ?;(ﬁ and via any method of control, so long as we know what to monitor for depending on what we choose
nd

il you are ventilatng a patientin PC or SIMV (with PS), i1's OK 1o just start out with the defaults on
whatever machine we are working with and then titrating from there as long as we do soina timely fashion and
with our ventlation goals in mind - Let's draw 1t all out in another chart

T Additional Parameters'”

AC Volume None
SIMY Volume Pressure Su;pa;— start at 5-10mmH.O and titrate as needed o -
AC Pressure - VP.r;e\'.\uire ('m;lr;i— start at 10-1 Bc;ﬂ_l-() and nitrate o 'I'V_gole — i

SIMY Pressure Pressure Control - start at 10-15¢ml:0 and titrate 0 TV g‘;n[
Pressure Support — slarl JE- Lﬂmmll_»() and utrate as needed
_1 g0 -

AC PRVC [ “Pressure Capl@r sel o ZS-KOclnim—
l (often by setting Jigh pressure limit 1o SemH:0 above what we want this 10 be)

SIMV PRVC “Pressure Cap™ — set 10 25-30cmil0 o
(often by setting high pressure Jimit to SemH20 above what we want this to be)
Pressure Support — star al 5-10mmH:0 and titrate as needed

. R

109 11"y a bat tough o dentify specific starting poinis for both PC and PS in the lnerature and recommendations vary a lot, but these are
points to startoffal and then we should always Hirate lowards VTe and MVe goals as soon us possible. As for more nsight into these
mitial settings

hworth & Diends, 2018 - They say stan with PC at S-10cmi1.€) and bt AP (Pplator PC
1o 1eceml 1O (which conelates with an addise PC of that amount - 1ecml 1,0)

017 They recommend hmiting a AP 1o 10cml O for all (pediatiic) patient types
1S of §-10cml 10 for kiddos
pC and PS) are additive, not cumulanve (and fora refresher on what (hat means,

«
PEEP, which we will discuss later on

Naght & Chiletz, 012 They suggest a starting
And just to be clear, all {he pressures listed here (for §
head back 1o Lypes of Breaths)

100 ecall that this 15 a made-up term
=70 -
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At the expense of being overly redundant, let’s combine the last two charts into another onc 1o
summarize how we determine vent settings, in general and for the “pormal” patient:

Step One: Step Two:
~Set &/or Calculate ~ Makea Choice and Dial in E ExtraStuff |
Tv'"” 6-8mlkg AC Volume None

100mbkg/min " SIMV Volume —i;r;.uuregﬁ;nf!— l'Oin;nH:'U' )

Adults: 13-17/min AC Pressure Pressure Control —10-15cmH:0
Kiddos: use a chart . R
1.0, then titrate down SIMV Pressure | Pressure Control -10-15cmH>0

Pressure Support — 10mmH:0

RR

Semil:0 —ACPRVC | “Pressure Cap”-sct10 25-30cmil:0
4 A ? (normally: set high pressure limit to SemH:0
above what we want this 10 be)

PEEP

o
Adult: 0.8-1.7 SIMV PRVC “Pressure Cap” — set o 25-30cmH>0
Kiddos: usc a chart (normally: set high pressure limit to Semtl:0
above what we want this to be)

Pressure Support — 10mmH:0

I-time

In the ideal world, that’s how we get vent settings for a specific patient. In the actual world we have a
few things to consider (and we'll frame them as questions) What pathophysiological changes affect the way
this patient should be ventilated? What do we do with a patient alrcady being ventilated if settings don’t match
what we come up with? How does this individual's body respond to all my theoretical stufl? The next few
sections will answer these questions in turn. We will first look at specific situations that warrant alterations o
this scttings framework, then we will talk about setting up them vent in any scenario, and then we will discuss
how to evaluate an individual’s response w0 what we arc doing with the machine and how we might adjust
things to make him or her as happy as possible.

I

102 1y PC we don’tactually st s guy, but we do need to have ths value mind and calculated out so that we can use it as a goal
I
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Specific Vent Strategies

| o v a cha P aAQ1C « e
Now we have a chart that basically summarizes the initial calculations and choices we need 10 make for

the average patient and depending on which type of breaths we want 10 deliver. Next step is to look at
exceptions to the norm. To say it another way: sometimes a patient needs their breaths delivered in a specific
way (different to what we might call “normal™) due to a specific pathology  We sometimes take those normal
parameters and alter them to meet specilic needs and issues. It's totally OK to break the rules we've established
s far, as Jong as we know when and how 1o do it and can Justify a good reason. We will look at a few
sttuations/ etiologies in turn to see how it all looks ’

Vent strategies are often presented as a choice of two distinet categories: the “injured lung™ or “baby
lung™ approach and an “obstructive strategy.” We've opted to present this decision making process as a set of
live possible strategies from which providers can choose. First of those is the general strategy discussed just
now, the other four include obstruction, hypotension, acidosis, and what would be comparable to the “injured
lung"™ approach There 1s no nght or wrong in this process, we just think 1t makes sense to take things a bit
further as we have outlined in this nextbit '**

dkm' 3/ S xr,

Lo provide more context on this
I he Acute Respiptors Syndrome Network, 2000 — This was a major paper form ARDSNet that led the movement h.munl\ lower TVs
with vented patients; while it focuses on a specific patient group (1¢ that “injured lung” cohort), it sel the stage for further rescarch
iito the dea of much lower udal volume than were ininally used
\ (2010, Wemgant, 20]6 - A podeast senies and paper, respectively and by the same guy, that outline this two-strategy
.1;\[-:”;(!1 1o vent management, while directed towards ED physicians, the content 1s 100%6 applicable to those of us that work i the
transport setling
-7-

*u—) g S PEC’

7
e

Rykerr Medical's Vent Management Guide
Obstruction

In patients with asthma, COPD and/ or allergie reaction, we tend (o run in to a problem of breath
stacking or AutoPEEP because the patient is unable to exhale fully in a normal amount of time. The
pathophysiology 1s multifaceted and varies a bit depending on unlaying cause, but they can be summarized as
some combination of the following:

constriction of the arrways constnclion of the airways
due to inflammation due W mocous
\'\
))
decreased recoil of the alveoli due 1o
chrome damage or overdistention

A alsr

inhale exhale cte |
o\ 21

wal s b)
-.'D/
J:"‘f‘ >
Y ]\ ]

$ dmiled |
normal Dot normal

|
\ 2 ume 9

Our fix to this is to adjust vent parameters to allow for more time at exhalation. We do this by extending
or lengthening the LE ratio. As we said before, a normal I:E rtio is 1:2-3 and we can adjust that by diaking ¢ s .:.'lq
cither the I-time or RR. In this patient population a good starting point is an I:E ratio of 1:5-6. The typical wa -
to get here 1s to decrease RR (and also I-time, until we see an [E ratio in that range that we
want. The machine normally docs this calculation fopis, but just an example we'll show it all here:

With I-time 1.0s and RR 17
60 + 17 breaths = 3 Ss/breath
3.55 =1 0s (I-time) = 2.5s
S ILE ratio=1:2.5

With I-time 1.0s and RR 13:
60 + 13 breaths = 4.6s/breath
4.65 = 1.0s (I-time) = 3.6s
. IE ratio = 1:3.6

With I-time 0.8s and RR 13
60 + 13 breaths =~ 4.6s/breath
4.65 - 0.8s (I-ime) = 3.8s
S73-
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SLE rato = — ==

FE rato = 55ty
| Eratio= 148

So even if we drop both RR and I-time 1o the lower ends of our “normal”’ parameters, we end up with an
1 E shy of what we wanl for these obstructed patients Let’s keep up with some of these calculations and put
them all side by side

I-time 1.0s \ I-time 0.8s

RR LE RR | LE

17 25 | 17 1:3.4

3| 136 13 148
— w0 | us L 10 165

8 | 1065 8 1:8.4

Now assume we choose an I-time of 0.8s and a RR of 8 (for a calculated LE of 1:8.4), what does that do
1o our other pnrmnctcrs." Biggest thing that will be affected 15 MV. We'll do some calculations 10 demonstrate
this impact on a 65kg IBW patient with a TV of $mlkg:

MV goal = 100ml/kg/min
MV goal = 100mUkg/min X 65kg
MYV goal = 6500mlmin
MV goal = 6 SL/min

TV = 8mlkg x 65kg
TV = 520ml

MV caleulated = TV x RR
MV calculated = 520ml x 8/min
MV calculated = 4160mlmin
MV calculated = 4.2L/min

In fact, we'd have to go all the way uptoa TV of 12ml/kg to get close to our MV goal:

TV = 12mlkg x 65kg
TV = 780ml

MV calculated = TV X RR
MV calculated = 780ml x 8/min
MV caleulated = 6240ml/min
MV calculated = 6.21/min

And at this point we run the risk of barotrauma or ov er-inflation injury {(assummng a volume control

mode). That said, startata TV of 10mUkg and then titrate up if the patient’s lungs allow for it (1.e. Pplat still
below 30emthO). 17 we can't reach our MV goal exactly, that's OK in the short term — we just want (o iry and
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get as close to it as possible while still allowing for full cxhn’lntl f ond avoiding the AutoPEEP suc.'™ We

upultancously be doing pharmacological interventions (Albuterol, Ipratropium, MagSulfate, Ketamine,
i — whatever your agency endorses) and hopefully the reason for this :’.lcmali\c strategy €an get reversed 10

e degree and then we can go up on RR and work our way back rmal parameters

In pressure control, we still drop the rate (and maybe [-ime engthen [:E, but we also want as much
volume per breath to try and get as close to our MYV goal as possible Instead of a PC at 10-1 seml 10, consider
going straight to the top and starting at 20-25emH:0'" to sce what out VTe values lgok like. n addition,
recognize that this Pplat upper limit is a generalization that may not beOK for aljfatients, but we will expand
on that more in pages to come. e 55"/

Second 1o last thing 1o mention: it may be templing to drop PEEP to 7€ro in these cases to better allow
the patient to exhale. The thought process gocs like so: if they are breathing out while we are pushing air in,
this has the potential to be problematic  That said. there is some thought that applied PEEP can help fix
AutoPEED, but we do want Lo kecp applied PEEP lower than AutoPEEP. Just know that we may want to
maintain PEEP at our minimum of SemH:0 to maximize oxygenation and help recruit more alveoli, but
sometimes we let that go in order to avoid AutoPEEP. There may be a happy middle ground with a PEEP
somewhere between zero and five, but there isn’t much contenton that and we'll leave itas a “maybe” in the
overall scheme of things.'™

Actual last thing to mention: if we have lengthened our LE ratio to accommodate cxhalation and we end
up at a point where AutoPEEP is consistently zero, we can then titrate our 1:E back to normal to make things
more comfortable for the patient. This allows us to work back tow ards our MV goal that we started with, as it 1s
likely that our MV will be below that goal with a much lower RR. 1f things change and obstruction recurs (and
then we notice AutoPEEP all over again), we can go back to the longer I:E ratio. The 1dea here 15 that we are
constantly reassessing what 18 going on with the patient and making these small adjustments to best ventilate the
patient in a given moment. Just because a lengthened LE was warranted at the start doesn’t mean they need that
forever.

To summarize our obstruction stratcgy: utilize a lower rate (and consider a shorter I-time also) to a goal
LLE of 1:25. Consequently, we need to titrate TV (or PC"7) up as far as the patient’s lungs will allow. Know
that we will likely be short on our MV goal and that's OK - as our phannacologlcul interventions start to work
we can hopefully migrate back towards “normal” parameters (o meet the MV goal. Maybe consider dropping
PEEP, but know that there isn't yet a good consensus on that. Also, be sure to check for AutoPEEP periodically
and consider disconnecting the vent cireuit to resel it back to zero if need be. '™

IR St 2007 20119 - The first provides a more in-depth discussion of this “permissive hypercapnia” approach. the
second gives way more mformation that we thought possible on the potential effeets that such an approach may have {but of note, one
of those eflects may be bronchodilation)

1© Which gives us the upper limit for a safe Pplat, pssunung a PEEP of Scmtl;0 and an additive PC value

e ygilier & Stowart, 2005 - In addition to explaining this part of things, these two also provide a general OvEIVIEW of a strategy for
{he asthmauc patient in general

Ll Jrsl remember that 1t may be harder o gel comy lete exhal wn PC lation (versus VC) due to differences n asathes

g s are delivered (i.e. decelerating flow versus constant flow, see Types of Breaths 10 revicew this }
3 pe © view this 1dea) r") ’ f‘" fJ

19 Which we discussed in the section on AutoPEEP

L LLES A
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Hypotension

In patients with hypotension (or the potential
ventilation can decrease preload 1o the heart
relerence to both negative pressure vs
cuvolemia seems to mitigate this effec
PEEP 1o whatever minimum value we
linit the ume spent at mspiration duen

for hypotension) the primary concern is that mechanical
and further contribute to the problem. We discussed this already in
positive pressure ventilation and PEEP,"™ and we mentioned then that
XSo first strategy here (since we are committed to PPV) is 1o restrict
need to maintain adequate oxygenation Beyond that, however, we can
¢ the overall respiratory eyele. Think of it this way: preload drops when
We increase intrathoracic pressure, so if we decrease the amount of time spent pushing air into the system (1 ¢
mereasing ntrathoracic pressure), we can limit this affect
To quanufy the idea, consider two patients: one ata RR of 17 and one at a RR of 10 If we assume an |-

time of 1.0s (norm for the adult patient), let’s calculate how much time the patient experiences a state of
deereased preload (1.¢. inspiration):""?

% TaDP = (RR x I-time) + 60 seconds
%TaDP = (17 x 1.0s) + 60s
%TaDP = 17s + 60s
% TaDP = 28°%,

%oTaDP = (10 x 1.0s) + 60s
%TaDP = 10s + 60s
“%TaDP = 17%

We can further drop this percentage by decreasing I-time:

%TaDP = (10 x 0.8s) + 60s
%TaDP = 8s + 60s
% TaDP = 13%

By dropping our rate to 10 (from 17) and dropping I-time to 0.8s (in the adult patient), we can cut the
amount of time spent at decreased preload by over half. While we could keep dropping RR, we stop at 10
because we need 1o mamtain MV in these patients. Let's look at what happens to MV if we drop RR to 10 and

then come up with a strategy 1o address it As before, we'll assume a patient with an IBW of 65kganda TV of
Smlkg

MV goal = 100ml/kg/min
MV goal = 100/mlkg/min x 65kg
MV goal = 6500ml

MV goal = 6.5L/min h

TV = Bmlkg x 65kg
TV = 520ml

' See both How is Positive Pressure Different? and PEEP )
""" This is another one of those made up terms which we identify as ®TaDP or “percentage of time at decreased preload

e Vo o
W\. M), Dore

() b5

L

q1

)
‘t)h
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MV calculated = TV x RR
MV calculated = 520ml x 10/min
MV calculated = 5200mV/min
MV calculated = 5.21/min

Now 5.2L/min isn't super far off from 6.5L/min, but we need to remember that a hypotensive patient is
likely at risk of shock and, therefore, we need 10 make sure we are matching blood flow to the lungs by
delivering at least what our calculated MV goal is. This idca is in stark contrast to the obstruction strategy in
which we decided it was OK to let MV fall below goal; in hypotension we need to maintain (or cven exceed,

especially with acidosis or trauma - discussion on that to follow) our MV goal. So let’s titrate TV up to
10mlkg and see where we end up:

TV = 10mlkg x 65kg
TV = 650ml

MV calculated = TV x RR
MV calculated = 650ml x 10/min
MV calculated = 6500ml/min
MV calculated = 6.5L/min

If we drop RR to 10 (and I-time to low of normal by age) to minimize the percentage of time spent at
decreased preload (i.c. inspiration) and increase TV to 10ml/kg, then we maintain our MV goal of
100mlkg/min. Now that we've logically arrived at a strategy of decreased RR and increased TV, let’s rewrite
the order of the steps as so: increase TV first, then decrease RR to match MV goal. The reason for this is that
we don’t want to arbitrarily drop RR and then wind up in a situation where we can’t titrate TV up to goal — that
would result in a decreased MV (which we said is an important thing in the patient at risk for shock). So let's
go up on TV as much as we can to a goal of 10ml/kg (or as close as possible with safe Pplats) and then drop RR
afterwards. Even if we aren’t able to drop %TaDP by half as in the example shown,
that dircction while ensuring adequate ventilation,'"!

To summarize: in the hypotensive palient we want to decrease the amount of tume spent at decreased
preload while mai ing MV at our weight-based goal. To do this, we drop I-time to low of normal, increase
TV towards 10ml/kg IBW (in PC this may mean starting at 15-25¢cmH,0), and then decrease RR to maintain
our MV goal. We also want to be cautious of high PEEP while recognizing that oxygenation (facilitated by
PEEP) is important in these patients with potential low perfusions states. Said one more time in the short and

sweet manner of things: when ventilating the hypotensive patient, drop I-time, increase TV, drop RR (10 match
MYV goal), and Icave PEEP alone.

we can at least move in

"'" Another advantage of ttrating TV first and then RR is that it allows the straley

without having to comie up with more age-based recommendations. while this m:
worth keeping processes simple and applicable across the board.

Y 10 be applicable ta both adult and pediatne patients
ay or may nol be a good reason in and of sl it 1s
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Acidosis /

[ our primary vent goals 1s 1 facililaic respiratory compensation against the

e classic example here 15 a DKA patient breathing at 30/min. Flight crew comes
along, RSIs the patie d then sets the ventup at a “normal” rate of 12. The patient had been compensating
with an increased RR\gAd thus MV), but that compensation got (aken away suddenly. Asa result, the patient
crashes and dies. So let’s not do that. And just to quantify the extent to which our doing s0 changes the game
for this hypothetical patient, let's look at the MV difference between a rate of 12 and 30 with an assumed TV of
Sooml:

With acidosis one
underlaying acidosis

MYV calculated = TV x RR
MV calculated = 500ml x 30/ min
MV calculated = 150000ml/min

MV calculated = 15L/min

MV calculated = TV x RR
MV calculated = 500ml x [2/mm
MV calculated = 6000mlmin
MV calculated = 6L/min

In an acidotic state our MV goal increases a lot. While a bit tricky to pipoint exactly what that goal
ought 1o be, let’s start with a goal double that of the normal patient: 200ml kg:mm."’ To achicve that goal, we
may need 0 merease both RR and TV. We sad before that to increase MV (in an effort to get our LICO2
within a normal range) we typically start by changing TV first and then RR. The reason for this way that we get
more bang for our buck, as adding a breath also adds in dead space to the cquation. In the acidosis situation,
however, the patient is likely already breathing fast, so let's just use a high of normal TV (i.e. Bmlkg) and see
what kind of RR we'd need to get to this increased MV goal of 200mI/kg/min:

MV goal = 200ml/kg/min
MV goal = 200mUkg/mmn x 65kg
MV goal = 13000mb/min
MV goal = 13L/min

TV = Smlkg x 65k
TV = 520ml

MV goal = TV x RR
13L = 520ml x RR
13L/520ml = RR

25 =RR

12, cipgan, 2012 - Our suggestion vaguely resembles the one recammended here (double MV to drop CO; from 40 to 30, that’s with
a starting MV of 120/mbkg). that said, this 1s @ minmum starting point and we may need 10 take it further than that - the wea 1s that
we initiate ventilation to prevent \mmediate deterioration and then o from there to work towards goals (as outlined later in this
section)

L8 -
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This means thata TV at 8mlkg and a RR of about twice normal will get us the theoretical MV of
ly and create a state of ;

200mlkg/min. In the normal patient, this would drive our EICO; down significant

respiratory alkalosis. but we said already that this compensatory respiratory rate is what we want — now we Jus

need to figure out how 10 measure of quantify to what cxtent we are helping the patient. We said beforc in a

footnote that this figure (the 200ml/kg/min one) is just a starting point, we then need to be a little more

are a few strategies here and we'l talk about them stepwise 1N order of least &xact

how we go from there. There

10 more exact.
First thing we can do is 10 match our set RR on the vent 1o {he rate at which the patient was breathing

before we took that respiratory effort away. This assumes that the patient was compensating adequately. And
while this doesn't give us a quantitauve goal to work to rds, it is better than nothing. We can match the
patient’s ¢ffort on our machine, complete a trans| then have the receiving facility check ABGs when we
arrive lo see how things have improved (or gotlen Wifise, for that matter). Or if we can do gasses en route, We
can always start this strategy and then evaluate progress along the way.

Another strategy is to measure the patient’s E1CO2 (perhaps via a nasal canula device or by cutting the
ETT connector oft' a regular in-line attachment and sticking in the patient’s mouth)'"” prior to taking the airway.
We can then maich the patient’s RR (as above) or set RR (o twice normal and then adjust to this E1C 03 that the
patient was at prior Lo us messing with things. Again, this strategy is similar to the above stralegy 1n that 1t
requires that the patient was compensating adequately on his or her own before we intervened.

A third approach is 0 atilize Winter's Formula to establish an E1CO2 goal. The formula looks like so:

I’(U:=(|.5x||C03')+8:|:2

The formula is designed to measure the respiratory component with a known metabolic acidosis (1.¢.
measured PCO: is compared 0 a caleulated PCO; to determine adequate compensation/ if a mixed disorder 1s
present)!!, but we can modify its use in the ransport setting 1o guide our titration of ECO2 (vaMV)'?

FtCO: should be < (1.5 x HCO: ) + 8

A few notes about all of this. EtCO; generally correlates with HCO ~ fairly well, with E1CO2 normally
2-5mmilg below PCO2. That normal difference is due Lo anatomic dead space and will increase with additional
dead space (i.c. alveolar dead space). That said, even with more dead space in play E1C 0> and PCO: will move
in stepwise fashion at the same rate.® So if we use this modified formula, adjust MV to that goal, and get our
EICO right at the calculated v alue based on an HCO3 ™ from labs, we still may be a bit shy of our MV goal.

Just keep that in mind and know {hat's why we wrote 1t out as we did without the *+™ and with the “<" And the
HCOs~ can be from either the BMP or ABG for our use in the transport settings. but there are varying opinions
on that."”

To bring it all home, we can do all of these strategics together: try to match the patient’s RR and F1CO>
as measured before we intervenc, then compare both MV to our calculated minimum goal of 200ml’kg/min and

I

1" For sure not 1 DA or manufacturer-approved and only 10 be used when no other opions are available @
1 Faster & Girgsso, 2014 - Short video 1o explain the formula and 1t's use in a chimical setuing

8 | adeserto, 201X - See Part 3 of thus serics, it gives another perspective on how 1o manage the vented paticnt with concurrent
(severc) mietabolic acidosis
o Siobal, 2016 — And look here for more information on CO; monitonng in general
11 Nargs & fnends, 2015 - This is because in the BMP 1itisa measured quantity, in the ABGatis calculated and there can be some
discrepancy between the two values: all that said, there 18 strong correlation between the two and it likely doesn’t much matter in the
majonity of cases (and while this particular study was Jooking at the totally unrelated idea of cosi-c(Tectivencss related 10 blood gas
analyzers 1n the developing world, the findings on corclation between the two valus are still worthwhile)
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F1CO, (both the patient’s pre-intervention one and our subsequently-measured one) to an EICO; goal Zum
Winter's Formula. The only next best thing here would be to remeasure gasses en route 1o see how tlic patient
15 responding 1o treatment, but most of us don’t have that capability in the field and we'll withhold a discussion
ol it here

We wenton a bitof a tangent here, but let’s get back to our vent strategy for the acidonic patient: use a
TV goal lgh of normal (8ml’kg) and increase RR (either to match patient’s intrinsic rate or even just double
normal for patient’s age), then aim for a goal MV of 200ml’kg/min and an EtCO; of patient’s baseline prior to
mtervention or as determined by Winter's Formula. Because we are shooting for high MVs in the acidotic
patient, AC mode may be the best for these patients if they are triggering breaths spontaneously. If we do go
SIMV and the patient has spontancous effort to breathe, we may consider increasing PS so that patient-triggered
breaths match machine-delivered ones (and this would avoid a drop in MV if we were following the normal
SIMV strategy of PS breaths below TV goal).'™

Return 1o Contenty

""" We talked about this idea way back in the section on SINMY
i) -
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Acute Lung Injury/ Acute Respiratory Distress Syndrome

Anotlier well-known and established strategy in vent management is the “injured™ or “sick™ lung
strategy, also known as the “lung-protective” approach. Thege patients have lungs that are particularly
susceptible to further injury and barotrauma and, as a resulty we usc less volume per breathg clfort to avoid
Another
component of this strategy is higher than normal PEEPg{o improve oxygenation, maintainl Fécruitment of
alveol, and ph)m.\lly displace stufT that has accumujdted in the alveoli. We'll start by reviewing the concept

of “acute lung injury” and discussing the pathophysidlogy of acute respiratory distress syndrome, then we Il get
into specifics about vent strategy.
lung injury (ALI) refers to a number of pathologies that inhibit normal pulmonary gas
¥ Specific causes include sepsis, pneumonia, bleeding from a traumatic injury, inhalation of toxins
d aspiration. AL is a concept that lives on a spectrum with acute respiratory distress syndromg
(ARDE) Being the end result if left alone to progress to the bitter end. While AL as a term, may also be
described as mild or moderate ARDS, the underlaying pathology is the same. The main component of the
pathophysTotopy s that the alveolar and capillary walls becomes permeable to stuff that normal is normally
sequestered in the blood

wncreased permeability of l |

the results

fluid also shifts (duc to 1ocreased osmotic
pressure inside ihe alveal), resulung in

pulmonary edema

presence of these large molecules resuls
capillary and alveolar in an inflammatory response that further
walls leads to movement damages the alveolt
of largs molecules intu the | I
alveolar space decreased oxygenation >

hypoxic pulmonary vasoconstnction =
pulmonary hyperension

normal P N

blood flow avemeedla. } related o HPV

I'here are quantitative criteria for ALL and/ or ARDS (depending on how we choose to define it), but
that isn't nccessary to our field treatment. Given our limited capabilities in the transport setting, we gencrally
identily a patient who needs this vent strategy from a report per sending facility or suspicion based on clinical
progression of the illness. There are also many recommendations to use this strategy for all patient who don't
fit any other category.'*" The strategy includes low tidal volumes, higher than normal PEEP, maintaining
recruitinent, and permissive hypercapnia. Let's discuss each of these in turn and give some specific guidance,

Starting TV for these patients should be 6ml/kg IBW, but we may get as low at 4mlkg eventually. This
recommendation is from onc of the ARDSNet studies'?! which compared TV of 6ml/kg against 12mUkg and
determined that lower TVs resulted in significantly better outcomes for these patients. While it may seem that

¥ Ragaller & Richier, 2010 - Not only do they provide a coherent and briel overview of AL ARDS, they also discuss this whole
vent strategy and summanze rescarch to date (at least as of 2010)

** And in the case of two-strategy recommendations, it 1s either this or an obstruction strategy that make up the choices

2! The Acute Resprratory Dis yodrome ork, 2000 — Much of the data we have on ¢ porary vent g comes
from this group of rescarchers and xuhﬁtqucm investigations by ather folks based on their research

-8 -



Return 1o Contents
oml kg and 12mlkg represent two extremes and it could be tempting to rationalize that § or 10mUkg probably
1sn't all that bad, we do know that 6mlkg is OK, so let's just stick with the data and ventilate at 6mlkg until the
sclence people tell us otherwise. '

In addinon to low TV, we go up on PEEP 10 improve oxygenation. Consider doing so in a stepwise
fashion as recommended in these charts:'

OXYGENATION GOAL: Pa0,; 55-80 mmHg or Sp0, 88 95%
Use a minimum PEEP of § cm H,0. Consider use of incremental FiO,/PEEP
combinations such as shown below (not required) to achieve goal.

Lower PEEP/ higher Fi02

Fio, |03 |04 |04 [05 [0S los [0z Jo7 |
pEEp |5 |5 |8 18 110 j1w0 10 j12 |
fio, |07 |08 | 0§ |09 |09 |10
| peep |14 |14 |14 16 (18 | 1824

_ Higher PEEP/lower Fi02 TS —
(Ao, |03 [03 |03 [03 [o3 o4 [04 [05
[ PEEP S 8 |10 |12 |14 [14 [16 |16

PEEP 18|20 |22

Another really important component of our ALI'ARDS sirategy 1s alveolar recruitment. Thisis a

concept that we haven’t talked about much, but we'll get into it here. 121 Recruitment is the idea that we can
actively re-inflate collapsed or underinflated alveoli as we depicted in our prey ious discussion of PEEP:

first inhale cxhale next inhale ...
— —p [l —
PELP
“stcats”
s alvenls
open

2 ume > 7

tr all Jungs we- k.—-emn—mrmémmuly, Which means that if we have a partially

inflated alveol stented open with PEEP and then disconnect the vent cireuil, that alveoli goes back to where it

va & e And for 3 more detatled discussion of this idea, lake a look at this aticle
SNHLBEARDS N L 200 Hnwge): The Nation o Heart, Lung, and Blood Institute ARDS l'Jujgglﬂ‘_ﬂ;\gwuk_gx_p-_uf I'he
chart comes from that first reference sheet, the study cited shows that cither of those two approaches 1s appropaate, in fact, they
medified the study n process o lest even higher PLEPs and that approach s also a legitimale chonce (but we've left it out just to keep
hings s Iitle more simple)

f And again m Hecruitment Mancuvers

Recruitment 27202 22—

JK2.
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was before we started. In a normal lung there are forces that maintain recruitment to prevent this loss and we

can also re-recruit that alveoli on the order of seconds to minutes, 50 1t isn't a huge deal for us to be worned

about losing recruitment — we just get them back on the vent, add a bit of PEEP and we are back where we want

10 be with no real negative outcome. With the ALI/ARDS patient, however, it can take hours to recruit alveoli. \

‘This means that if we lose recrmitment, we lose all of that progress towards better oxygenation and our patie PO

can deteriorate very quickly / o ETT

With that in mind, it is important to keep the system that extends from the vent to the patient’s al i

{ *rﬂd’ o
4 -

intact at all times. When we do have to break the system, such as when we transfer the patient from
machine to the hospital’s machine or vice versa, we can maintain recruitment by clamping off th
main point is (o prevent pressurc at the alveoli from dropping below PEEP, so it theorctically docsTr'T mattet, {
which point in the respiratory cycle we clamp the tube and perform the swap. That said and just to be sa@ 4
do this clamping of the ETT duriug inspiration — that way if we leak some air out in the process, we hav '/
cushion of safety. And hcrcxrzr'i the technique looks like:

clamp ETT with hemostats before disconnecting
(consider using a 4x4 1o pad things so that the
teeth on the hemostat don’t damage the tube)

Last thing to mention with this ALVARDS strategy is MV. We mentioned already that we startata TV
of 6mVkg and may need to go down to 4mlkg. With higher PEEP we increase overall airway pressures and
therefore that 6mUkg TV on top of a higher PEEP (up to 20 in some cases!) means we might run in to high
Pplats. So if we notice Pplat encroaching on our safe limit of 30cmH>0, then we can dial the TV down to
5mlkg and then to 4mVkg (or if we are in PC we can titrate that value down and look at VTe). Dropping our
TV 10 4ml/kg will reduce MV and increase EICO», but let's quantify that difference in MV:

MV goal = 6.5L

TV = 4mlkg x 65kg
TV = 260ml

MV calculated = TV x RR
MYV calculated = 256ml x 1 7/min
MV calculated = 4420ml
MV calculated = 4.4L

And to maintain our MV goal, let's sce what kind of RR we would need:

MV goal = TV x RR
6.5L = 250ml x RR
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6.5L/250ml = RR
25=RR

S0 10 maintain our MV goal with a TV of 4ml/kg we need a RR of 25 for the adult paticat. Which is

OK il we can comfortably et the patient there. If not, that’s also OK. In fact, there 1s some evidence that
hypercapnia (1e.a high E(CO; related to a lower MV) s alnght for these ALIVARDS patients. The data isn’t
super clear at this poig rest casy knowing that if we can't attain our MV goal there may be a silver lining in
this case. With pediathed (when 25/min is too slow), we Just go up on RR as much as we can to meet (or
exceed if i volume control) our MV goal - Consider doubling RR or using the lugh end of normal for a given
age range or just ttrate up from a normal rate — the limiting factor will be comfort and exhalation (i.c. monitor
tor AutoPEEP 1o ensure full exhalation)

To put thll together: ALUARDS represents a spectrum of disease that primanly impacts the integrity of
the alveolar walls and results in increased permeability, movement of large molecules and fluids into the
further damage from an inflammatory response. Vent strategy is focused on low TVs
g (and down 10 4mlkg 1f needed) to avoid barotrauma, high PEEP to both maintain recruitment
ofalveoli and Misplace Tuid, maintenance of recruitment at all transfers in order 10 avoid rapid deterioration,
and an inerease m KRR to maintain MV (possibly with a concurrent strategy of permussive hypercapnia).

And one last thing to mention about this strategy. We said just a moment ago that lots of folks
recommend a two-strategy approach to ventlauon in which we use either this ALY ARDS approach (termed
“lung protective™) or an obstruction approach.'”* We've said here that we have a general vent strategy for
routine ventilation and then specific strategies for certain patient types. The differences between our general
strategy (which 1s similar to a general “lung protective” one) and this ALI ARDS strategy is related to
recruitment of alveoli (and being super careful to not lose it) and the idea that we may need to go down on TV
1o 4mlkg. Both of these things are totally OK in the “normal” patient that we ventilate using the general
strategy, 1t's primarily as matter of emphasis. If it makes things casicr to default to this ALI/ ARDS strategy in
all cases that don’t warrant one of the others, that's completely acceptable

-
Qrt\""’}
YW nght 2014 - And for another review of that concept, take a read here .
-84 -
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Other Potential Strategies

The above list of vent strategies addresses four markedly different situations that we often come across
in the transport setting, but there are other potential injuries or pathophysiologies that might also warrant
specific adjustments to the normal list of settings that we previously came up with. While we could
theoretically compile a list of all the possible things and work out an algorithm to address cach onc jn turn, that
gets a little cumbersome and would result in a hefty protocol of sorts that might be difficult l@nush
when time is of the essence. As we said before, the idea is Iu@:wards an understanding of how the be
responds and how the vent does its thing so that we can make changes on the fly and ex the results that will
come of any adjustment away from normal. But just to mention a few examples withoat going inyé the same
level of detail as we did above, consider the following situations. A ’(

In the patient with a head injury/ traumatic brain injury (TBI), we often choose to aim for an E1CO: low-
of-normal to what we'd typically use for a standard patient.'** While we don't necessarily “Ryperventilate™
these patients anymore, we could adjust MV to a tighter EtCO; goal of 35-40mmiig by going up on either TV
(preferred) or RR. We also want to maximize oxygenation and, therefore, may be OK with an SpO; of 100%
during transport (whereas we would normally titrate FiO; down in response). We may also make small
adjustments to our settings in an effort to maximize patient comfort (and therefore avoid any increase in
intracranial pressure), whereas we might not pay as close attention with other patients
make them happy

In the pregnant patient we might similarly utilize an FiO: of 100% to ensyfg'maximize oxygen delivery
to the fetus. Since many services don’t have the capability of fetal monitoring ¢ring transport, this is a way to
cnsure that we don’t have a hypoxic injury or put any undue stress on lhc We also need to consider an
increased MV goal for the patient (which may mean an EtCO: goal low of formal, somewhere in the 30-
35mmllg range),"” as we havobaby T8 consider as well. Another consideration is patient positioning — : the

te:

'.jr/ s

simply use drugs to

vented pregnant patient we not only have decreased preload due to PPV, we could sec that drop in ¢
ewtput compounded by pressure of the fetus on the inferior vena cava. So either turn the patient to a
recumbent position or displace the gravid uterus over to the side.

Significant chest trauma is another one. We'd like to treat these paticnis via the ALU ARDS strategy,
but we may also be concerned with hypotension and might want to use the hypotensive strategy. Thosc two are
at odds with one another (low TV and high RR for ALVARDS, high TV and low RR for hypotension). In this
case we have to get creative. Maybe we forgo the hypotensive strategy and choose the ALI/ARDS one, but get
aggressive carly on with vasopressors and fluids/ blood products in anticipation that a hypotensive state may be
precipitated by our strategy. Or maybe we go with a strategy more in line with the hypotensive strategy, but
start out with higher PEEP and leave FiO: at 100%. There is no right or wrong here and it depends a lot on how
the patient presents in that particular situation.

On a tangent to this chest trauma idea: if a patient develops a tension pneumothorax en route, best thing
we can do is to take the patient off the vent.'®* Not take them off the vent and bag them, but take them off the
vent and don't breath at all for them until we fix that problem. PPV can tension a pneumothorax very quickly
and we want to avoid making things worse. So disconnect the vent, decompress (or place a chest tube), and
then get the patient back on the vent. Because of this, we may consider keeping all patients with\the potential
for pneumothorax on an FiO: of 100% - that allows us more time to perform the procedure in the bvent that a

ral

/

fde)

pncumothorax develops before the patient desaturates. g
) « o«

Fyh-hmdn Is
e

' Godoy & tricnds, 2017 - Detailed overview of this concept and research that has been done 1o date
T Wangfield, 2012, LoMauro & Alwverii, 2015 - The idea was suggested in a video by the fint guy; the physiolo

discussed in an article by the other two A
" Wingfield, 2012 ~ Haven't secn this dea discussed elsewhere, but it scems appropriate to discuss for thé transport l’oﬂx
g -85 -
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A patient with CHF or wapuhmnur)‘ cdema may warrant more PEEP 1o facilitate the

movement of Nluid out of the alveoli:"™* — /
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In addition, PEEP might help drop afterload to facilitate both perfusion and clearing of fluid from the
pulmonary side of circulation. And while it may make sense that a high FiO: could mitigate the effects ol an
11V effect in these patients, there is some risk 1o that strategy and treatment focused on adequate MV and
PEEP are preferred for the CHFer. "™

Folks with COPD may warrant different strategies due to potential effects of oxygen.'"" Same goes for
an M1 patient with the need for augiientation of cardiac oulput (1.¢ right-sided M1)."" We could even argue
the case for a specific toxic-expegure strategy.' " It quickly becomes evident that there are a number of cases
that dont quite it ll:c(cuu}.w uvfcr mold hy which we try to simplify vent strategics. And that's totally OK.
The templates are there as fdr cworkgrom w hich we then consider the specilics of each patient, one at a ime.
Ihe important thing is to kngw what impact any vent change will have on the patient depending on how he or
she presents in a given situation. There are lots of casgs in which there isn't a straightforward answer, but as
long we don’t make things worse by s the wrong way, all is good.

Pertinan, 2010 While a Pplat up to 30eml 10 s Tikely sull just fine with these paticnts, just know that pulmonary cdema can

ik the patient more susceptible W injury (and this article discusses why that might be via a umgue experiement)
1 Kuhn & friends, 2016 - See discussion of these ideas here
PGy aatshan, 2015 Short and sweet discussion of whether or not these are even vahd claims
1 ahmoed & Pasky, 2018 - They don't direetly prescribe this approach, but they do lay out the framework of how 1t all might
work
1 Same combo of ALL plus or minus acidosis, depending on the agent and’ or route of exposure
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Make a (Calculated and Informed) Plan

This next section covers how we go about setting the patient up on the ventilator. In particular, it looks at
how the process differs whether it's us initiating ventilation versus if we are taking over a paticnt in which
ventilation has already been initiated. This may not seem like a big deal, but the taking over of a vented patient
is a bit tricky. Even though we have these predetermined strategies for various different patient types, the truth
is that there is a lot of variation in how patients respond to the vent: sometimes an asthmatic patient is happy
with an I:E of 1:2, other times a hypotensive patient has a high RR and low TV for good reason, etc. Because
of this, we need a method to determine when changes are needed and when we can leave things alone as we find
them.

Getting All the Numbers Ready

First thing we do for any patient who nceds to be or 1s already ventilated is listen. We listen to a report
from whoever was hanging out with the patient before we got there. This is very important for all patients, as it
can tell us how the patient has responded to or will respond to strategies we might have in mind. We then (as in
affer listening) decide on a strategy based on how we think that patient ought to be ventilated (i.e. hypotensive
strategy, obslruction strategy, or some hybrid situation). Next we get an accurale patient height (either from a
reliable healthcare provider or by measuring it ourselves) and perform three calculations: IBW, TV, MV.

Another component here is the patient exam. We'll discuss a few of the specifics when we talk about a
paticnt already on the vent, but wé for sure want to get an exam done before we start manipulating things or
playing with our vent—The ide here is that our mental construct of a strategy based on the report we received
should mfch what we see infhe exam. If not, we need to clarify that amongst oursclves before moving
forward. No need to elaborate on that here, we all know the importance of a good assessment. So once we
have a report, have done an assessment, and are decided on a strategy, we move forward.

From Scratch

When we are the ones initiating the vent, it's fairly straightforward: we take the settings we’ve come up
with bascd on presentation/ pathophysiology and plug them in to whatever mode and method of control we
decide to use. We've already talked about the different strategies and why we may choose to use one
mode/control over another (and that a lot of this has to do with provider preference), so we won't spend any
more time on that here. But the easiest way to do this is to stick with whatever your machine defaults to and
then adjust from there if need be. Once the patient is on the ventilator, we just need to confirm that everything
is going as planned, beginning with the Three Big Things: oxygenation, ventilation, and comfort. Once we get
those things sorted, we can then move on to some of the finer subjects (w hich will be discussed in the next
scction, Keeping Things Going).

It is worth reiterating at this point that the settings we conceptualize prior to initiating ventilation (and as
discussed in the previous section) are starting points from which we then make adjustments. It may very well
turn out that we end up with settings, based on paticnt necd, that vary significantly from what we initially had in
mind and that's totally OK. But the starting point ought to be based:dp. both on calculated goals and settings
founded in physiology. And if you have no idea which strategy pr ¢ patient fits too many categories all at
once, just start with those basic settings we discussed in A Gendral b ent Strategy and go from there.
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Patient Already on the Vent

HOWAwith someone already on the vent, it gets a litle more complicated. We'll draw it out in a short,
simple algotithm first and then we will expand on it and discuss the specilics

| o we like what we see’? ]

IR — - |

[ maich their setungs ] [:,,‘_'"_f“ .'IIJCJ

('”'"'L”'” .
[ awesome, do that ] start over Ivum;(:lh.h

The first step in this litde algorithm, “do we like what we see?” refers to a few different things: First of
all are the Three Big Things: oxygenation, ventilation, and comfort - those for sure need to be addressed
Sccond 18 strategy: are the chosen settings at odds the with what we had in mind? In the case of a hypovalemic
patient with a hagh RR, for example, we may say, “yes, tlis strategy may be detnmental to the patient.” In the
case of an asthmatic patient with an LE of 1:3 we may decide, “this isn’t what I would’ve set up from scratch,
but let's see it 1t 1s working for the patient or not before deciding to change things.” The idea here is to see
what puts your patient at nisk and what doesn’t: a high %TaDP and hypotension does put a patient at risk, an LI
of 1:3 in an asthmatic with no AutoPEEP doesn't.

So we addressed the Three Big Things, we made sure the existing strategy 1sn't counterproductive based
on what is going on with the patient, then we look at vitals and labs."™* Again, no need to get into specifics
here, but it all is well in cach of those general three subject arcas, then there is no reason for us to go messing
with settings and we should match what they are using. The only exception here 15 if your machine can’t do the
settings they have. For example, the patient is on PRVC and you don’t have that choice — then match as best
you can in either volume or pressure control and go from there.

“Rut wait,” we may hear from the audience, “what about checking a Pplat and AutoPEEP and all of
that!?" It your patient is alive and well and passes an assessment in all three categories we just discussed (the
Three Big Things, vent strategy, vitals and labs), then those things can wait until we get them on to our vent.
Some reasons for this' the delay here 1s only a few minutes at most, the measurements will likely vary by
machine (i.¢. how individual breaths are delivered), and we've already determined that the patient is stable via a
number of different assessment parameters. And while scene time may or may not be a valid reason, we do
want 1o use time elficiently and get patients moved unless we have reason to delay.

W And we don't really discuss labs in this manual, but there are some resources Disted at the very end (under Suggestions for Further
12) that can fill this gap {

v&’ %
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Let's redraw that simple algorithm we started with and add in just a little bit of detail to include all of
these ideas and then we'll move on to the next question and talk about it in detail:
| do we tike what we see? ’
| * Three Hig Things cxygenanon, ventilation, comfort
* vont stategy cnsure its pot detnmental
« vital ugns and lab valoes

o

o - — . oo —]
,_—”[ —— — e
muatch their seitu

can we fixit”

- A
[ awesome,do | / e [ sart v from srasch |

Next question to discuss further is, “can we fix 17" \The 1 erc}s that we'd like o fix whatever issucs
we have (as determined by our assessment in the first box of tHfe algorithd) by way of one or two interventions
and keeping the majority of settings as they are.'”* For examples: if the patient is uncomfortable and we can
provide analgesia on top of the sedation they are already getting, that may be all that is needed; if we can fix a
high E\CO; by increasing TV (or RR) a bit, no need to change mode or control; if we can address a potential for
hypotension by decreasing RR and then increasing TV, all is good; etc. If, hgfyyever, we are getting into a
situation where it will take lots of changes to sct things right, it may makgithodt sense to start from scratch with
a whole new set of parameters. And in that case we may as well change o bunch of things and go with our
preferred strategy.

One thing worth mentioning here is that it is sometimes cool for us to make these changes as the patient
lies and on the sending facility's (or crew’s) machine. Other times we just make the adjustments as we
transition to our machine. We for sure want to avoid alienating the transferring stafT by messing with their
machine if that relationship doesn’t exist, so just be cognizant that are two sub-options in the “Awesome, do
that" course of action: do it right nQ):: on their machine or do it as we transition on to our machine. 'KM.Lg.\‘l
thing and probably already obviou: ¢ 1s some middle grougd here: we may make some changes/ do.some®”
things right away and then defer oth@r things until transfer, al}pa‘n of the same strategy. Example: give
sedation now, adjust TV or RR ddring the transition.

And one more time, let’s see how the algorithm would look with these additional details added in:

[0 we ke wi ' |
|« Phree g Things oxygenaton. ventlaaos, comfort
|+ vent sntegy ensue 1ty aot detnmental

+ watal signs and lab valucs

— e - . 5
match thar setings can we fiv i?

v na
(12 changes. actions) (many changes act:ons neesked)
swewane, do that [ stan oner e e |

+ consdee Joung 1 rght
away o0 Uicw maching

* af oot, umplemeni chaliges
&8 We move Lo our Ve

" And for help in deciding this, consider using Concal-Modical Guide — it's an app that's got a mifly feature in which you simply

enter in current vent seitimgs and measured parameters and 1t spits out suggested vent changes to work back 1owards goals
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If at any time during this whole process things get 100 complicated, we can always skip ahead to the
“start over from scrateh” end of things, just recognize that the more changes we make, the less able we are to
evaluate the efficacy of a single intervention. Just ike a science experiment, it helps 1o solate vanables and
know that the observed result can be attnibuted to a specific adjustment. And even though we mentioned 1t
already, mterpersonal dynamics also come in 1o play here: make copaetons based on necessity, not on personal
preference — that will help you maintain positive relationships with referning staff and crews

#rdAerty
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Keeping Things Going

This next section goes over what we do once we have the patient on our machine and the Three Big Things
(oxygenation, ventilation, comfort) have all been addressed. We talked already about how we sgmetimes vary
from the settmgs we start out at and this section explains how that happens. The peneral idea 15/that we want 1o

bl Laleigh
both avord injury and optimize ventilation, so we slowly make adjustments to work (GiVAITS Hose goals and
ensure that things stay safc [or our patients. da gt
1)

v

Watching Pressures

We talked about these three things already in the section titled Yent Parameters, Round Two, but here
they are again’ peak inspiratory pressure (PIP), plateau pressure (Pplat), AutoPEEP, and mean airway pressure
(Poe) And for visualization, in case we forgot, here's what they look like on a pressure waveform in volume
control ventilation:

rip

' Vi

pressure <
pressure *

tme ¥ | time &
! AutoPEEP
E
E PEEP !
ume - .
. PEEP (SemH20 bascline clevated with addiion  AyePEEP: difference between
ahove haseline) of more pressure above PELP where we end up and preset PLEP

P, or MAP

- pressurc +

time >
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"p S
. Tligh tor PIP 18 35mml 10, although we may go beyond that in certain situations (such as a small ETT)
plat max s normally 30mmHg ] 'k by : whenevel 3 .
e ) i ¢ and we do try to stick by that one whenever possible. AutoP L] noomal-w 3 }r‘"“
sero and we always take actions to address AutoPEEP when we see ex wdence of it As for cadon’t {
generally cite a normal range, but know that g change i this value can be the first indicator ol a change

somewhere i the system All of these parameters should be checked (when possible, depending on control and

nt’s fe Torty! . i
patients respiratory effort)' ™ within the first few nunutes after placing someone on our machine and then again

penodically through transport. As we said before, if it may help to simply add these pressures on 1o a mental
listor vital signs to reassess as we go.

As tar as what to do with this information once we have i, here’s a flowchart o help sift through the
tnformation and take action 10 address potential problems '’

i pressure hange noted l
L]
check those Thiee Hig Things

* unypenanon (S )
+ ventilaton (MY and BiCOH )
+ umtont (use 8 wore)

* t
W reaa | dex roass
‘

.
Chech PIF & Ipla cheek all connec i

cheek FTT cull consder an leal

.
TPIP & 1Pyl
’

hang inuey
ikonninal distention asciles

taviy
Auol bl

l consuder ingreaing complisnce (V0 mode)

TPIP & ame unchanged Ppat

. =
wirm e
pirstsn
bronchaospasin
FIT mclusaon
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And then let's look at potential solutions for cach of these cases:'™

abdominal distention’ ascites *| conuder povitioning

atelectasty | recrnt some alveoli
AutoPEEP | increase | F rato, disconnect cirout, maybe drop PEFP

chest wall bum *| escharotomy
PoCimonia * utilize PEEP 10 displace Mund

poeumsthoray *| remone from vent, needle decompression o tube insertion /

pulmonary contion *| consider ALUVARDS strategy hr‘ £ 1 lﬂ"
pulmonary edema ¥ utilize PEEP 10 displace Nuid Q

alrway Iwues

uspiration » suction [prevent further aspiation), consider ALVARDS strategy
broix hospasm #f fix with drugs, inplement obstruction strategy
ETT occlusion | address comion (binng), swap tube (something stuck)

suretions -

.“T 2
Vhm st Lt

suction

In pressure control ventilation when we may not have access to PIP or Pplat to idenuty these trends,
there are other parameters we can look at.- Most obvious is VTe — as compliance decreases, VTe will drop (and
vice versa). In the case of airway obstruction, often limes we won't notice initialy because the machine
cssentially accommodates for this increased airway resistance by using less flow Initially:

normal

/L,",A w'f}
TN R4k

obstruction

chest wall burn e retions
POCumOnia
e rwothanran
pulmuonary contus ke

pulmonan eden

U o example. if a patient is tnggenng lots of breaths, we may not be able to get a good AutoPELP/ do an expiratory hold, if they
are n PC ventilation, we may not be able 1o do an mspiratory hold (due to limitations of a particular machine)

Lo e, c01y - The left bitof this chart is similar 10 one he puts forth

BUM

result s less Ve
(represented by area
+ under the curve)
a ume 3 .| ume >

s o (4 fetok

Since we don't typically monitor waveforms with transport ventilators, an airway obstruction may not
get noticed in PC venulation unul it is severe enough to impact MVe.'" The best way to catch these sort of
things before they have an impact on patient outcome 1s by setting alarms appropriately so that we are nonfied

night away as things change (see following section).

" Bnggs & Freese, 2018 - There are also lots of weurd cases out there to explain things that can happen, the chart above should not
be assumed 10 be an exhaustive list of causes or fixes; as an example, this relerenced article from JEMS outlines a case of high airway
pressures related 1o an ETT positioned with the bevel up against the wall of the trachea - the fix here was simply 1o rotate the twbe 90

degrees
i»

resistance, so even if we don’t know ranges or nonmal values we can still use this concept to trend changes

We can also (again, this is in PC) look at flow as calculated and dehvered automatically by the vent - higher lows mean less
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Alarms'"

ns ,,Wc won't talk about all the alarms that our machines
night have, but \\-\-’PL Gnes We can break alarms down in 1o two general
categories: ones thal we set and ones that are default,on the machine. Those default ones may be different
between machines, but deliver similar messages like, “hey man, your circuit got disconnected” and “oh snap,
we ran out of oxygen ™ Those ones can be referenced and learned about in the manual for whatever machine we
happen to be using. The other ones, the ones that we set, are the one’s we'll focus on here.

One important alarm we set on the machine is the high-pressure alarm (which goes off when our high-
pressure it s reached) The reason this alarm is so important is because il 1t gets tnggered, the inspiration

03, ;'
L Juer]

fanrg)

flot
faem y ﬂl

cyeles off (in most vents)  That means that if we have a situation where we repeatedly thigger a high-pressure
alarm, we may end up with a MV that bottoms out and a patient that quickly detenogates. -imagme we place a
patient on the vent who has either an untreated airway obstruction or poor comp| Il we try to ventilate
this patient in volume control and at normal settings, every breath that goes might Trigger the high-pressure
alarm and get terminated carly with a net result of almost no MV, The reason 1Kis saleguard exists, in spite of
this risk, 1s because we could for sure cause a lot of damage it we accidentally give too much pressure

Moral of the story here if we are in volume control ventilation and have a concern for increased mrway
pressures, we should consider going up on the high-pressure imit before putting the patient on the machine in
order 1o avord dropping opt MV. On the flip side, in pressure control we need to vigilantly monitor MVe (and
also Ve buttoadersepadenio avod the same issue (of decreased MV). Which leads us the next most
important alarm we cafi set: low minute volume. We set this limit at a reasonable value below our MV goal so
that 1f things get werrd and MV starts to drop, we get notified right away before our patient suffers. In this way
we utilize the lugly pressure and low MV alarms to simultancously ensure both safety and adequate venlilation
for our patients

As far as setting the high-pressure and low MV alarms, that is a bit dependent on our margin of safety
and when we want 1o be notified of changes m the system. As a general rule of thumb, the high pressure limit
should be no more than 10em11:0 above your PIP. If, however, your PIPs are already high of normal, consider

Or \.-(J fjr

high pressure v b |

R -
P4
} 5-10cmH20 above PIP ¢ /‘-’ '

sctting the high pressure alarm Seml L0 over that value

hime 2

- pressure

1 Dy laimer about this section there 1sn°t much out there i the umverse 1o provide guidance on how we should set these alanns
There are studies out there that have collected data on alarm settings on in-patient units, but we don’t feel 1t would be appropnate to
apply those to the transport seting. Given that we move these patients one at a time with one or (wo well-trmned providers (versus an
JCU full of vented patients and lots of alarms at onee!) we should arguably always have cyes on the machine and 1t makes sense 1o use
much tighter hmits for alarms that we aight see in the hospital setting. That sad, this is just one opinion on the whole thing
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In the event of one u[}lgo\«,(ftualluns which may lead to repeated triggenngof the high pressure alarmn
and sudden drop in MV, go up mére {u?lngh-pn:ssurc limit (e¢vén beyond 35¢ need be) to maintain
MV, Note that this would be a’short-térm fix and we should start to consider gfher stralcgies right away: trial
pressure control mode, consider pharmacological and’ procedural interventions, etc

As for the low MV alarm' set that within 25% of the MV goal that we calculated when we first started
into this process of getting the patient on the vent: Tf we have a patient breathing in excess of that goal and we
want to know if that changes, we just set the Jlow MV goal 25% below what they are currently at. In any case,
the low MV alarm 1s just a catch to alert us when we've missed a change - typically we will be on top of these
trends and notice things before the alarm even gets sounded, but sometimes we get distracted by other
interventions and this backup system can keep us notificd.

Other alarms that we can set to help us better
are low peak-pressure, low frequency, high frequen low PEEP. Low peak-pressure alerts
expected PIP is lower than we would expect; this cotldindicate a cuff leak or a loose connectr6n (an actual
disconnection would probably tngger a disconnect alarm, one of those non-adjustable alarms consistent across
machines, as the pressure would drop much more sigmficantly). Low frequency can let you know if the
patient’s RR starts to decrease = this is good if the patient 15 consisigntly breathing above a set RR and we want
1o be aware if that intrinsic effort changes. And reasonably enough, R adviscs us when the patient starts
10 breath faster or 1f some mishap is causing the machine to thmﬂ(\)hc isP¥qLastly, low PEEP lets us know if the
end expiratory pressure drops below our set PEEP. This could indicate a slpwreak or cuff deflation

That's just a quick, short overview of alarms; recognize that the most important ones are high pressure
and low MV, but that there are a number that can help us be aware of changes in the system as we work through
atransport. Because there is so much variation between machines, the best way to get familiar with the alarms
you will be working with is to read the manual that comes with the machine. (Super fun reading] but it’s good
information and can help you fine wne the feedback from the vent so that you can better monitgr what's going
with the patient.

And we'll end with a graphic to show how some of these alarms would be represented on that pressure
over ime waveform in volume control ventilation:

A
~

track of what's going on with the vent and ¢

----- high pressurc
f 5-10cmH20 above PIP

5-10cmH20 below PIP
= s===p==== low peak pressure

__‘.k 2-3cmH20 below PEEP
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Up 1o this point we've recommended considering TV above thfat 6-8ml/kg range in just a few
circumstances: 1o ncrease MV (in the M entilation (& EtCa:) section)), with airway Obstruction, and as part of
the Hypotension strategy. We also said that we want 1o limit our Pglat 1o a safe level < 30emH:0 whenever
possible, which includes when we decide to go up on TV (Plateau Pressure). The idea here is that more TV is
OK, but only to a certain limit, And the best tool we have to establish that safe limit i the transport settings is
Pplat, so that's what we use. All that said, it is worth discussing this uz-: further to see what we kngw about

Titrating Up on TV? o e

mcreasing TV and some of the intricacies of the whole idea, because iygets a little more complicated

One underlaying idea here is that TV is a component of Py (MTan_Airway Pressure) and that this |{
15 o determinant of oxygenation. So it might make sense to go up on TV as much as we can (and within safe

limits) wimize oxygenation."*! Increasing TV could also allow us to go down on RR (to keep MV
const ile this would take away from Py, 1t could help in other ways (1.e. by decreasing that % TaDP
value

ade up in the section on Hypotension). Now regardiess of motive, this strategy of increasing TV is
a bit at odds with the lower TV, “lung protective™ approach pioneered by the ARDSNet studies."** That said,
those studies looked at TVs of 6ml’kg versus 12ml/kg, so there may be some middle ground we just don’t know
much about

In hight of this conversation, let’s just say that we want to go up on TV for whatever reason. We've
already said that our upper limit for Pplat 1s 30cmll>0, so that’s one limiting factor in the game. Another
concept here 15 that we'd preter to make changes slowly; rather than jumping from 6ml’kg to 10mlkg (or
whatever other arbitrary amount), we get there in a stepwise fashion in small increments.** And lastly, we can
utilize comphiance (which we discuss later on, see Compliance (and Resistance) section) to help guide us
wwards our goal. Without getting too far into the idea of comphiance, let’s see how that might work.

In VC we could increase TV until we notice a spike in Pplat or a decrease in compliance; in PC we
increase PC until we see a decrease in compliance or no increase in VTe after the adjustment. Once we hit
erther of these limits, we then titrate back the last increase (of TV or PC) to where things were just before the
previous adjustment. To map it all out with steps in the chart representing reassessment during transport:

B Volume Control Example
Step# | TV | Pplat | Compliance

Action

[ (mD) | (¢cmH;0) | (mVemH:0)
1 [s0] 15 50 Increase TV |
2 s e 48 | Increase TV
:3 1550 | 16 s 1 Increase TV
4 [s15] 2 36 | Decrease TV
5 550 16 | 50 | No change. monitor

6 |ss00 14 | 61 | Increase TV

14 That said, we typically use TV to effect change in ventilation instcad of oxygenation (as we outlined in Three Big Things), but
know that these things are interrelated and TV can actually impact both

124y ek 2014 - And that “lung profective” strategy also includes hmiing Pplat. utilizing PEEP 10 mantawn recrunment, and
Limiting 10 (in addition to lower TV's) ) )

W E L & fends, 2019 - In a study on rats, these guys investigated this idea and deternuned that some of the harmful effects of hugh
I'Vs can be mingated by small and incremental changes; while this may or may not occur by exactly the same mechamsm in humans,
it scems likely that a similar approach would be warranted
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Note that cven though Pplat doesn't get up to our previously established limit of 30emH20, we
recognize that an increase beyond a TV 550 (line 4) gave us a spike in Pplat and drop in comphance, therefore
we may titrate back a smidge and wait for the lungs to fill more before moving back up (line 6)

/ Pressure Control Example |
& Step # PC VTe | Compliance Action
(emH;0) | (ml) | (mVemH0) | _,7
| 10| 500 50 _ Increase PC
2 nie 550 50 | IncreasePC
3 12 550 46 | Increase PC (or stay)
4 13 550 42 Decrease I'C
5 12 550 46 No change, momitor
6 12 600 50 Increase PC

It is worth mentioning here that VTe and compliance will likely vary from breath to breath and therefore
it isn't quite as easy to recognize these trends in real time, but the general idea hold true.  Also, this whole
concept can be considered as an “icing on the cake” sort of thing — we may not get to this point in our vent
management and that’s just fine.

And to summarize: while increasing TV within safe limits for all paticnts may or may not be the best
strategy, if we do decide to go that route we can use Pplat and compliance to guide progress and we ought 1o
make changes in small increments. We will talk later on about another concept called Driving Pressure — this

may be another one of the limiting factors in how much we decide to go up on TV, but we'll hold off on that for
now.
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Acute Deterioration

The next thing to chat about is what to do if the patient begins to decompensate while on the vent. We
will start with a common memory tool to address some of the major causes of acute detenoration of the
mechanically ventilated patient

____The “DOPE” Mnemonic

| action ) N

| D | displaced tube confirm tube placement e e

| O | obstruction suction, check for kinked ETT, consider bronchospasm
P | pneumothorax remove patient from vent and dccnmprc}T place

| E | equipment failure | check all connections ‘

T
ssue

chest tubg
(1{‘7 ﬁlh . ,
J /
There are also some variations of this guy, so we may see it out there with an “S” at the end for stacking
(i ¢. AutoPEEP),"™ an “R” at the end for ngidity of the chest wall (a rare complication of Fentanyl
adminsstration),"** or even with the “P™ to represents pain and’ or (Auto)PEEP. 14 It also is sometimes
accompanied by another mnemonic called “DOTTS™ which outlines actions that can be taken to fix issues
identified by “DOPE ™ Now “"DOTTS" includes a step where we bag the patient with a BVM and we've
crossed that step out - we don’t recommend routinely taking someone off the vent unless we have good reason
to .mdgc‘ll get back o this idean just a little bit. But just so we can see it in ils true representation, here il is:

, ~ The“DOTTS" Mnemoni " o
action | explanation

e
D Ldus'\:nnnccl the vent circunt | o fix AutoP
4

EEP or decreased preload (1.¢. pneumothorax or hypotension)
| tomanually assess for issues fetooklistencfeel)
ion | includes asse
J consider dec

O | O 400% via BVM

sing RR, TV or I-tim

|
|

1
T | tweak vent
S | sonography

consider ultrasound to idenufy issues (if you have 1)

The “DOPE™ Mnemonic'*’ (with or without “DOTTS") 1s easy to remember and can be used to guide
the imtial troubleshooting process when the patient starts 1o tank due (o some unknown. Many of these
occurrences can be tied 1o vent alarms or other assessment parameters, but that depends on which type of
machine we are working on and what tools we have available. For example, a tube displaced 00 deep will
likely result in a high pressure alarm (or eventually a low MV alarm) and a tube displaced out of the airway will
likely result in a low pressure alarm. In regard to other assessments: a tube displaced 100 deep may result m a
high P.u. low VTe, patient discomfort, etc. and a tube displaced out of the airway can result in a low Py, drop
in FtCO» with change n waveform, hypoxia, etc

2015 - Also gives on overview of the "DOTTS 1dea discussed below

Abpuliam. 201% - While not all that common, it may be wonth keeping in mind

A preat read in general, but specific to this cause he's gol a nice DOPE graphic that he got from another source
For some uscless tnvia on where this mnemontc came from, take a look here

W Wangan, 2011
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Because there are so many things to consider, building an algonthm to troubleshoot cach possibility gets
a bit difficult. But just for kicks we'll do it anyways. Before we get there, however. let's consider a few more
things. First of all is that acute deterioration of the vented patienf)( doesn't always mean that there is an issuc
with the vent — it could be some other (patho)physiologic issue related to whatever else is gomng on or even an
equipment issue beyond the vent (i.e. ETT displaced). Ifit's a vent thing, then we mess around w ith the vent:

but if it's another issue, our interventions should focus on drugs and procedures and that sort of thing. Think of
it this way:

I which hind of ssue do we lave”

[ [ |

| [ anapmcmime | [ ipuborpbysolory wne

S

v | [ docrmmentinp | [ do st orgy

Now the reality is that it isn’t always so cut and dry. There are times where we do both vents things and

other things simultaneously. An example of this would be a patient already on the vent who expernences an
allergic reaction to something — in this case we could simultaneously proceed with an obstruction vent strategy
and give drugs 1o fix the problem. So while our little algorithm may be too simple, it often helps to take a
moment to think about which sort of problem we have on hand and act accordingly.

In light of the fact that there are so many variables involved, here’s the stepwise approach we suggest

for troubleshooting a crumping patient who is on the vent. And this approach takes advantage of feedback that
we may have available to us from vent alarms and assessment paramelers:

acute deterioration: wif to do!?

startwith the basics ABCs |

Luwahmumgmdgmu.!m_m._; l

J

{ address the Theoe Big Things |

[ e wnoy o |
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And in fact, onc could argue thaf “using alarms to guide treatment” may even be a quicker solve than /
starting with the ABCs. Wch we pécognize 1s blasphemy in the world of EMS and transport medicine, t;u7

here's how that might look \)?« ‘\\b.\ '\\,~|

/

/

acule deterloration: wif 1o do!?

e basies. ABUs }- - -—-i s slarms 10 yunde Ueatment I

wher hoth of those

|

l consider the Three Hig Thiogs j

I [ — |

By working through each of these steps systematically, we hit all of the DOPE things and identify where
in the system the issue lies (vent, cqupment, physiology). Now it gets a bit more complicated when we add in
speaifies for cach step along the way, but remember that the basic idea is a simple set of four steps:

acule deferiorution. wiltlo du!”

| 15 the Tt grend il Clear”
4] el chost e and a5
% | W pevtunion adequaie ! | of op 8 Meed, fards (urles

st with the basscs AT t

| Eh preasan S T ke deep
ETT hiaked
- | Pk
s Alarng L gude tre sme | parise
| | long or alrway tine
' | I AcaPLER
akirew e ave Hig Things | | |
| incrcascal KR |
L |
e aiway provsares t low peak provsers o FTT dugplaced
1] | et cut
| o ohinen ted cisi
| corcut dconnent tlom 1), |
| preasare, ot |
onypenatrm 1 30
| Lot vemilation P MYl i
| comlant } o s b e
| Secrvase Lol 4 FIT displacent
| | dellated curt
l || | dsconnecesd ircan
1
| |
¢ L )1 N PEEP bt |
(Val | |
7 AV | |
| TPIP A Pl I
A | |
ﬂ | PIPA wmc ol

71

Nanks wirwey mansgement starmng with H1S thaags snd & VA of aineny wis kot
il hach tue of 1T dejeh e mmime e

mo. disconnect It es oo s
formmy alod) P by demsive vent srateys

| o] put vt bk
of ek (o of dhac 10 Buting. trca - yhh snalgasss and valen)
| ol disomment conuit decmprod } \
| o] wesdation arst woalpesss AR L s |
| # tweebelawy
| of Wvat comiun, remove socidontal g Increas sisitivity, disconsect st
| o et AutoPEEP o scru, incrcase bagh prcsssrs bimt 10 avond drog in M
|
| e comtint remmne scodenial iggen. wcrrss sy

1ol irway masayement stariag with LS thangs and 2 HVM
| re-antlate cull o soplace FTT

o 15 commeet cur

|

o) ay comagh. gt 12 G iman( Inted

|

Lol b, PEa R Lo
v TV asdor RR

o] conamder bt analpesss mind sodation

|+ airmay monagement Marting with IS thngy snd 8 BYM
1 1o onflate cufl or replace ETT
o e oot it
|
|+ o comia, scmeove mcxidental Unggers. Incredse scontivity, disooenect cirsut
|| o vt Aol EP 1 rero mereane bigh prssare limat 16 avond drop i MV
|
| ag bvues
|
|

o alrmay luees

10 way to accommodate all possibilities in a single algorithm without getting too crazy with

Now ther
llclulls%}hul’s the basic idea. But before moving on, just a few things to note. First is that a low MV alarm
may aldo accompany acute deterioration, but it is likely tied to either a high-pressure alarms (with breaths
cycling off due to that alarm getting triggered) or some kind of disconnect (which would likely be indicated by
a circuit disconnect or low peak-pressure alarm). We also didn't include a low frequency or low PEEP alarm
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anywhere in this flowchart, as those probably aren’t tied to an acute deterioration unless accompanied by one of
these other trump cards. And then we already showed this once before (and recognize that not all of these are
acute life threats), but just to clarify again the different lung and airway issues we might come across:

Inng issues
abdonmunal datention’ ascites | conmder positioning

atelectasn 1 ¥ moruit some alveoh
AutoPLTP increase | - b, disconnect circuit, mavbe drop PEEP

chest wall burn exchasotonny ' ,-
preamonia o utilize PEE P displace Mud "’ ol |

pocumothorx remuove from vent, needle decompression. chest tube insertion /

pulmaonary contusiorn conmder ALUARDS stratcgy
pulmonary edema I utilize PEEF 1o displace ilwd f

alrway Issues
aspuation *| wchion (prevent turther asparation). consider ALLARDS strategy

broac hospasm i with drugs, implement obstruction strategy

ETT occlusion address comfon (biing), swap tube (something stuck)
weretions l » suchon

Now let’s summarize what actions to take in the event of an acutely deteriorating patient on the vent.
While there is a well-known memory tool (the *DOPE” mnemonic) to guide us through troubleshooting

' potential issues, that ol doesn't consider feedback from the machine (i.e. alanms) and, therefore, we suggest a

sunple sequence of four steps to work through potential issues: check your ABCs, look at and address any
alarms, review the Three Big Things, then check pressures. [ by then we haven’t figured out our problem, we
can consider taking the patient off the vent and bagging by hand (still not a great strategy though...) or getting
out the ultrasound machine to try and identify an issue (if available).

o W)
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Other Random Things There May Be Questions About
Filters'*®

Filters are used in mechanical ventilation 1o prevent infectious gunk from transferring from one spol to
another. In the transport setting we generally use in-line filters that simply fit in to the vent circuit. While there
are a few possible options as to where we place the filter, it is most commonly put at the connection between the
machine and the vent circuit (1. the inhalation side of the system):

breathing
- machine

I'he filter placed here essentially keeps bad stuff from the machine from getting to the patient. Which 1s
fine, just recognize that it doesn’t keep bad stuff from the patient {rom gelling 10 us and our coworkers:

breathing
QE@ machine
I

Now we could work around that by placing the filter at the patient’s face/ ETJ or even on the exhalation
side of things, but the face option will increase mechanical dead space (discussed in Appendix) and the
exhalation side option may not be available with our transport vent. That said, placing a filter near the ET'1
may be warranted in certain cases (tuberculosis, flu, etc.), just know that in addition to the dead space issue it
can also impede the movement of air (or flow) and that the fix for this is to increase air movement into the
system (in VC this will probably happen automatically, in PC we may have to increase the pressure put into the
system) and watch for adequate exhalation. But it you have a paticnt with some type of bad stuff that you don’t
want to breath in and neither of these strategics/ placements 15 appropriate or possible, be sure to mask up!

154 kes, 201 1 & 201 1D - e gives the most m-depth discussion of both filters (this section) and hunndifiers (next section)
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Humidifiers'" "

Humidification of air is important in mechanical ventilation, because dry air can cause damage to the
lining of the respiratory tract. No need to get into the details here, just know that absent any contraindications
we ought to try and add some degree of humidification to the air we push into the patient’s lungs. We typically
do this in transport by placing a humidification device called an HME (humidification and moisture exchanger)
between the ETT and wye of the vent circuit. Placing the device further up on the inhalation side of the circuit

s hcat) from exhaled air and allowing it to
L/

would not work, as the device functions by trapping moisture (and
be blown back into the patient’s airways on the subsequent breath:

moisture (and heat) from exhalation “trapped” by the
devige and then re-breathad on the pext breath

It 1s worth mentioning that the HME is often the biggest contributor to our mechanical dead space (as
outlined in the Appendix), but it ought 10 be used unless we have good reason not to. First (of two) good
reasons not to would be small TVs, such as kiddos or ALVARDS patients."*" In these situations, we want to
minimize mechanical dead space as much as possible. Now there are smaller HMEs designed for littles and
here's the basic idea on that: HMEs are rated to provide humidification for a certain amount of TV, higher value
corresponds with more space needed within the internals of the device and, therefore, more dead space. To
make this clear, let’s look at info from one particular product line: '**

P =

sl R I
Py - [

we see here Uiat mone capacity for bumidifcaton
corelaton with more dead space

49y anisev, 2019 - Excellent discussion of the passive style devices used in the transport setting

0 Giles & friends, 2017 — This Cochrane Review has determined that HMEs are comparable 1o actual humidifiers in providing
therapeutic benefil and avoiding primary complicauions (airway obstruction, pncumonia, mortality - while they admit that more
rescarch 1s needed, it's good to know that [IMEs do have demonstrated value

5! Hinkson, 2006 — And we'll get back 1o this idea in the Appendiy also

12 Teleflex. 2019 (mages) - Just 1o be clear. no relationship/ confliet of interest here — 11" just really nice how they lay out all the
product info like this for us 1o talk about © c
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Second good reason not 1o use an HME would be the concurrent
want those drugs going into the patient, not getting absorbed by the HM
the in-line nebulizer between the ETT and the HME, that could also result in decreased medication
administration unless we also added in a spacer. But then we'd have a huge amount of dead space and we
already established that we want to cut down on that whenever possible. Also, the need for an HME is less with
ancbulized medication because we are actiy cly pushing moisture into the airways along with whatever
medication is being given. One last time: no HMEs with nebulized medications. Don’t try to ng it up to make

1thappen, as this will cause more problems. [t is, however, OK to remove the HME for admunistration of a
nebulized drug and then reattach it as soon as that is done.

use of nebulized medications. '™ We
E. While we could theoretically place

One other situation in which we ought to exercise concern with an 1IME would be increased seerctions,
as the HME can get clogged up to the point where it impedes air flow. This isn't a situation in which we never
use an HME, rather it’s one of those cases where we need to be aware of potential problems. Increases in PIP in
VC ordecreases in VTe in PC would likely be our first indication of an airflow problem of this sort."™* If this
happens and we are worried about an 1IME getung clogged up, we can either remove the device or replace it
with a fresh one,

Very last thing about HIMEs before moving on: while the HME does provide some filtration of exhaled
air and certain devices may even be classified as both filters and HMES, the filtration here generally isn't quite
at the same level of efficacy as an actual filter

[rJ‘d t"\‘s .
g\ £ A@w v

""" And sce the very next section for a discussion of In-line Nebulization

'™ Since we don’t routinely monitor flow in the transport setting
- 104 -

Rykerr Medical’s Vent Management Guide

In-line Nebulization

Just to demonstrate a few things about why we do nebs the way we do, let's look at a setup of how the
system looks when we nebulize a medication through the vent circuit. Recognize that there may be some

variation between models, this is just the setup with which we are most familiar with and serves to outline the
important stuff:'**

/
[ oxygen sopply to neb cup can exther be from
ncbulizes cup goes on the "r the Ath
inhalation sde of creunt. ond oz opton 1 probebly aasier 1 84t 9]
spacer fills with medication .
during exhalation, allows for
more efficient delivery \
breathung
machme

@

if we put the neb cup bere then lots of the medication
will get los! 1o the exhalal ule of the system;

if we put the neb cup pli © spacer here, we increase
mechanical dead the volume of the spacer

™S MME gets taken out so that it doesn't
wrap all the medscation’ prevent delivery

That should be clear enough, but just to expand on a few points: we may need adapters and extra vent
tubing to make this work, so we should plan ahcad and have that stufT available in pre-built kits. The spacer is
important, don't throw it away cvery time you open a circuit... Some machines recommend specific changes to
seltings to facilitate this process, read up on that and/ or have a chat with the manufacturer’s rep for details

about a Wﬂﬁq‘-ﬂlﬂt‘hi"&
f« I-,[q

% Dhand 2017 = And for more info on placement of the nebulizer and bias flow (which we don't mention here) as it relates 10 this,
take a read of this article
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Compliance (and Resistance)'™

As we mentioned before, comphiance 15 a measure of how much the lungs fill per umit of pressure put
ito the system T math terms is looks hike this:'"’

|/‘JI (l'. ; comphance & __————W ar Ve
C ne = —=
phance = %5 = (Pplat - PEEP)

/

Wihile a normal comphiance (healthy and breathing spontancously) 1s somew here in the neighborhood of
100mbemt L0, we often sge values much smaller than that i our ventilated patients. The best way to utilize
compliance during transpagtis 1o keep track of trends. ncreasing compliance 15 good, decreasing compliance 15
bad 11 we do something (hat results in poorer compliance, maybe second guess whatever that change was; il
we do somethmg that r:\'u“\ i better comphance, high fives are W arranted. Acute causes of decreased
compliance would be u&\nfscn|n!}“lncumulhurn. inhibition of chest wall expansion, chest wall rigidity caused
by certain medications, increasing VT or PC beyond the capacity of the lungs at that given time, et '™

A related term that we haven't mentioned yet in this manual 15 resistance Resistance and compliance
are often discussed together under the umbrella term of “respiratory” or “pulmonary mechanics” — that's why
we talk about it here. Now the algebraic expression [ resistance isn't quite as straight forward as for
compliance and we often simplify 1t by making assumplions, s¢ we're just going to skip on ahead and note it
like thns i

TR L

Qov W

resistance = PIP - Pplat

Resistance, i this simplified manner, 1s the limitation lo air movement \hat must be overcome in order
for us 1o arrive at a state in which air i from the machine gels 10 the alveoli. Assunung Pplat remains conslant,
resistance is represented by PIP. This means that we can approximate changes 10 PIP 1o signify changes to
resistance. So things hke kinks in wbmg, biung on the tube, excessive secrelions, elc. that we previously
mentioned were potential causes of increased PIP and unchanged Pplat correlate with an increase

resistance

PP & T Pplan P& samc unchanged Pplal
Pl . P e
lung inues mirway issues
/ abdorminal distenlion. ascies aspiraban
atcke bronchospasm

AwoPEEP LTT ovelusion *
chest wall burn socretions

preumonid B -
pocumothorax Teaislane SsUEs

pulmonary contusion
pulmonary cdema

compliance 1sues

| pamor & (oends, 2019 This video reviews both of these concepls 1 a very succinet and strarghtforward way
call static compliance and refects changes al the alveol, we won'l get into dynamic

|
1 And 1o be more specilic, this 1s what we would

compliance here
1% Apd all of those ugh PIP, high Pplat situations we discussed n the section on W atching Pressures
19 Cgasone & Inends, 2012 We oted some very similar content carher when we discussed W atching Pressures, but here's another

take ont
- 0o -
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And we mentioned already that the alternative strategy in PC ventilation when we don’t have PIP or
Pplat to guide us 1s lo look at VTe and MVe to gauge when these types of things ar¢ happening (a drop in
volume will indicate a change to resistance or compliance). We can also look at a quantitative value for
compliance (1f available to us on whatever machine we arc working with) or sec how flow 15 changing from
breath to breath (most transport vents automatically adjust flow with changes to resistance and compliance; less
flow equals more resistance and/ or less compliance).

Driving Pressure'®

Driving pressure is a term to describe how much we inflate and defate the alveoli with each inhale and
exhale on the ventilator. The idea s {hat too much opening and closing (inflation and deflation, up and down -
however we want 1o term it) can put stress on the alveolar walls and cause damage. 16! This damage. in turn,
Jeads to decreased difTusion of gasses across the alveolar membrane. Driving pressure is the difference between
Pplat and PEEP and is somehmes referred 1o and represented as delta pressure:

AP = Pplat - PEEP

With our AL ARDS patients, we try lo limit driving pressurc as much as we can to a max of

15cmt0."* Which is generally pretty reasonable, given that we use high PEEPs and low TVs in these patients

A

anyways. Andin the event that driving pressure 1S close 1o or above that upper limit, we can do Recruitment
Maneuvers to try and utilize more lung, increase complance, and drop driving pressure. This approach may
sound familiar and is often referred to as “open lung” ventilation.' The idea here 1s that we keep the lungs as
filled as possible (1.¢. alveolt inflated) throughout as much of the respiratory cycle as possible. Again, this
concept of limiting driving pressure and an “open lung” strategy are specific to the ALY/ ARDS population.

With that said, there may be a case for a comparable strategy in other patient groups, there just hasn't
been much research on that to date. The one downside of this limited driving pressure/ “open lung" approach 1s
that it can be tough to blow off CO: as much as we'd wanl. We said way back when that permissive
hypercapnia is ofien a thing with AL1/ ARDS, but that may not be the case with other patient groups. Another
consideration here is PEEP. PEEP is not a benign thing and we for sure need to consider all of the negative
consequences of this appronch'“ before applying it to all patients For now we have pretty good evidence that
limiting driving pressure and utilizing high PEEP 1s 2 good thing in the AL/ ARDS population, but such a
strategy may not be best for everyone.

R

W ypedo & fnends, 2017 - Succinct overview of the concepl of dnving pressurc and rescarch done to date (as of a few years ago, at
least')

™ Grung & frignds, 2019 - While this is commonly accepted wea and we will assume it 1o be valid in our discussion, know that there
is ongoing rescarch on all of this (as shown in this article)

tol gart, 20kacipuer, 2010 - Both podcasts look at a 2015 study on the subject

) Nickson, ‘ “oncise overview of the idea with many more resources cited

164 A discussc T PEE,
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Recruitment Maneuvers'

A recruitment maneuver is a component of the “open lung " strategy that sceks to get more Alveoli
nvolved in the ventilanon procegs. The idea is that there are portions of the lung that are open participatory
and others that are closed down a non-participatory (or maybe just less-than-optimally-participfatory), and that
we can do things to gain access 1o those clamped-down alveoli to improve both vennlation and oxygenation:

In a general sense, lots of things could quahify as recruitment maneuvers: prolonged inspiratory holds, —" ‘7/”-'

higher PEEP, high frequency oscillation ventilation,'™ prone positioning, spontancous breathing, etc. Basically N 5
anything that can help open those non-participatory alveoli falls into this category. Now in the transport setting \ *
(and., i fact, for most vent people), we tend to consider recruitment mancuvers to be cither the prolonged J
inspiratory hold or the stepwise approach, so we will stick with those two ideas moving forward.

) )’o! kel ’ M
et e stpe 7 g el
| "/ = :
Nk, 2ol yubithy ;e

M"/FT el v 9("“;

ot Mg of o | D

w

" [ J,(, ? . ,,{,,)
\ > '(."") P 7 o uwf‘l’" fle 3y 4 o0rjQt

ealler & Richier, 2010 ~ Most of this short section comes Irom these guys, except as cited otherwise

Cal 200 Cargtusion, 2016 - This is the only mention we have of this mode, as it isn 't routinely available in transport; the first ]

video 1s an overview of high frequency ventilation, the second shows a recruitiment mancuver in this mode (and recogmze that use of

HFOV m and of uself may be considered a recruitment maneuver, but we can alse add another mancuver on lop of that - this 1s what

the video shows)
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We posed a hypothetical situation at some point carlier on in this manual about why we don't just blow
up the lungs and alveoli with oxygen and let it sit like that for a while; we said then that we still have to
consider the ventilation’ CO: side of things, but the idea itself does have some merit. That said, the value of a
recruitment mancuver (again, this is as a prolonged inspiratory hold) is more in the ability to open alveoli past
that difficult-to-open stage than in the inflow of oxygen for a sustained amount of time, as the amount of
oxygen in that air quickly begins to drop as oxygen diffuses in to the bloodstream and we don't replenish the
supply.'*?

inhale hold et

X
v

PO, < PO, <<
100mmHg 100mmHg

-0 W (=
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N
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A recruitment mancuver in this sense can be used to gain recruitment in any patient group but has been
most studied with ARDS patients. And while it has been shown to increase oxygenation, outcomes in terms of
mortality and days on the vent seems to be unaffected or even worse.'* To further complicate things: when we
do try and get into the weeds as 10 how we should perform a recruitment mancuver, techniques vary
significantly and there are potential adverse effects. So here's where we stand on this: more data is clearly
needed, but there is low quality evidence that some benefit exists from performing recruitment maneuvers in
ARDS patients; particularly as part of an overall “open lung” strategy.'®* Translating that to the non-ARDS
patients who are simply hypoxic is a bit tough, as there isn’t much data out there and we can often fix the issue
by way of thigs we've already talked about (FiOz, PEEP, and [-time) and ensuring adequate perfusion.

But let’s say we do want to do a recruitment maneuver for whatever reason. Maybe we are struggling to
oxygenate a patient, or we forgot to clamp the ETT on transfer of an ARDS patient to our vent, or we want to
try for better compliance/ decreased driving pressure, etc. First thing to know is that the maneuver can cause
hemodynamic problems and we ought 1o be on the lookout for those to avoid decompensation. Just as we
discussed back when we first got into How is Positive Pressure Different? and PEEP. an increase in
intrathoracic pressure can drop preload and subsequently impact cardiac output. So monitor all the things and
have hard limits in place for abandoning the maneuver.'” Also recognize the risk for causing a tension
pneumothorax and consider that a floppy ETT cuff will likely render the maneuver ineffective

Now the simplest way to do a recruitment mancuver is the prolonged inspiratory hold option that we
mentioned above. While this was often taught in the past, it is becoming less common in deference to more

“" 10 we were going for a continuous-supply-of-fresh-oxygen strategy, we'd basically have aMFNC situation on our hands - but that's
a whole different idea and we'll leave 1t alone for another day r
“ van der Zee & Gommens, 2019 - Deseribes lots of the research that has gone jnto w
" Hodgson & tneds. 2016 — Cochrane Review that gives way more detail on 1 of s
™ Claug & fnends, 2019 - And for suggestions on these limits and an explana I the fiext techmique (the stepwise recruitment
maneuver), take a look at this short guide

tanding this whole concept
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gentle and stepwisc strategics. But to make it happen, here’s how it would work: put your patient in PC mode,
st PC 1o get a goal Pplat, then perform an inspiratory hold for as long as we think is appropriate. As far as
specific on pressures and time, the data varies widely on that and we can't make specitic recommendations on
how that might look. Same goes for how often to perform the mancuver - most of the data out there discusses
venled patient n an in-patient setting, so it is difficult to translate that to the transport setting In which we are
only with the patient for a short amount of ime."”!

Now we mentioned already'™ that whenever we put marc air into the lungs it scems advantageous to do
o incrementally. Same goes for performing a recruitment maneuver. An alternative 1o the prolonged
inspiratory hold w ould be a stepwise approach n which we put a patient in PC mode and establish a dniving
pressure (PEePplat minus PEEP) that yields our goal TV, then slowly titrate up on PEEP in small steps and
over time. There is a rendition of this approach called the Staircase Recruitment Mancuver that a titrates PEEP
back down to a maximally beneficial level as determined by Sa0; monitoring' " — perhaps a modified version
with SpO: monitoring and longer times between titralions (to accommodate 2 potential lag in SpO: readings)
would be appropriate in transport.
In any event, the utility of recruitment maneuvers is (o getmore alveolt involved in ventlation. This
“allows us to ventilate to our TV goal with lower driving pressure, improves compliance, and works 1o correct
V/Q mismatch across the lung. While there are risks involved and the datais a bit vague when 1t comes (o long-
term benefits, it seems fair to conclude that if we mitigate those risks by using a stepwisc approach and
monitoring for patient decompensation along the way there is likely some use in the transport sctung

‘1 !'Y l !’

4 olom

- —

11 And we recognize that the lack of concrete suggestion here might be frustrating, but this is one of those things better answered by
the agency or medical director that we work for

12 [ the section, Titrating Up v T3 2

1
1 [less, 2015 — Takga look here for a discussion of this technique and others
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Triggers )
Triggers are the {hresholds by which the machine knows when a patient 15 trying to brcm%;f his or her
own. We first Iried to communicate this idca via the following graphic:

/

pressure

time >

And then we footnoted the idea that that downward dip in pressure at the start of the waveform is more a
sketch of convenience than an accurale representation of how things actually occur. In most cases the trigger
{hat makes the machine recognize patient effort is basedjon flow rather than pressure. While some machines
will allow you to use pressure triggers (normally arou lemH:0), these triggers are in relation to atmospheric
pressure and, therefore, PEEP must be overcome to wigll” the machine that a breath is needed. It looks like this:

iggered breath machine delivered breath

mﬁw.wzpmnnmggn.aoﬂmn

QO ) adequate pressure (rigger, brings
bring pressure below “OemH-0"

pressure below “Oemii 0"

foes, 70%5
= aosss g
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So pressure triggers are a thing as we initially drew it out, but not the most common thing because of
this PEEP-that-must-be-overcome issue. We sometimes do use pressure triggers in cases ol auto triggering (1.c.
when we see 1oo many triggered breaths due to things other than patient effort, such as bumpy roads in an
ambulance or turbulence in an aircrafi), but for the most part we stick with Now triggers. Now to measure low
changes against a zero reference (i e. we assume the pause between breaths to be a zero-{low state) the machine
uses a concept called bias flow. Bias Now is a baseline flow of air into the system against which changes are
measured. So when the machine says there is no flow going into the system, there is actually some flow going
in, but it gets factored out by the machine. Let’s draw it out with an assumed bias flow of SLPM just to see how
it works

s hagpons bere 10 mewrs flow, bl the
SUPM from dee imachicer geta facored (o aral
he dinplay sys we W I & sero- o sate

e
bt s /

Paied “puale” 21 PM e of r 12 iraggre 8 Proath, e wenifis wassement i

SLPM buas flow * ZLPM eflion ~ 71PM tal

bt i machin tells o 21 PM Bocause we factor o e SLPA i pul in o start with

I'he machine does this bias flow thing because it makes it easier to measure patient effort. 1t also allows
for things like PEEP'™ and the delivery of nebulized medications.' But enough on that. The point worth
knowing 1s that a flow trigger cannot be set to a value greater than the machine’s bias flow. So in the case
where we have lots of accidental triggers (i.e. auto triggering is happening) and our trigger is set at SLPM and
we know our machine has a bias flow of SLPM, we can do one of two things on the machine’ switch to a
pressure trigger or change (increase) bias flow to accommodate a higher trigger threshold. %

And while we are on this point, it is worth discussing things we can do to address auto-triggering other
than manipulating settings on the vent. First is to try and identify what input is causing the triggers. 101t is a
bumpy road or turbulence, perhaps getting the vent circuit off of the floor of the vehicle can alleviate the issue,
If'it is one of us crewmembers kicking the circuit, just stop doing that. Sometimes we get down a rabbit hole

" Yartser, 2019 - And yet another reference to the vast wealth of knowledge known as Deranged Physiology
'™ Dhand, 2017 - We cited this article previously in the section on Tn-line Nebulization

n,il} Db.l— L{ ’L oty At 1Y
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trying to accommodate a situation that can be avoided in the first place by taking a step back and sceing what is
going on beyond the machine itself.

Let's summarize triggering up to this point: triggers are thresholds we set for when the machine knows
that the patient wants to take a breath. We most commonly use flow triggers, but some machines allow for
pressure triggers as well. Flow triggers are based on and limited by bias flow; normal bias flow is SLPM, that
gives us a range of 1-5LPM for setting our flow trigger. And for reference, 1-2LPM is commonly used in a
hospital setting.  Auto-triggering happens when the trigger is inadvertently met by movemcent other than patient
effort to breath. Fixes to auto-triggering include mitigating the cause of the inadvertent trigger, increasing the
trigger threshold, or trialing a different type of trigger.

Prone Ventilation

Prone ventilation is when we lay our ventilated patient face down on the bed or stretcher. Arguments
and evidence in favor of prone ventilation include things like better V/Q match, decreased shunt, improved
oxygenation, better ventilation, ete.'”® That said, prone ventilation isn't for everyone, studies are shrouded a bit
by bias, and efficacy seems to be related to early implementation, time of application each day (16 hours per
day!), and sevenity of hypoxemia (i.e. proning has benefit when oxygenation is a major issuc).'”” And when we
are called to transport a pronated patient, there are some logistical limitations to the process. Much of what we
do requires access to the patient’s front side and many of the tools we use in medicine are designed with the
supine patient in mind. All that said, it is likely that we will see more of this in years to come so it made sense
to do a quick survey as to where things arc at in regard to prone ventilation in the ficld.

Prone ventilation has been mostly studied in patients with ARDS. Given that ARDS isn't something we
commonly diagnose or come across initially on scene runs, 1t seems likely that most of our prone ventilation
will be done in the context of interfacility transfers. Which is good, because the process of getting someone
pronated with an ETT and vent in place isn’t the fastest thing we could do and managing an airway on an
already pronated presents its own complications. So interfacility transfers of ARDS folks seems to be where we
will most likely be using this technique as critical care transport providers.

We mentioned before in our section on ALI/ARDS that recruitment of alveoli is very important. So
while it may be tempting to simply flip a pronated patient over for transport and then let the receiving facility
re-pronate them, this could potentially set progress back quite a bit, so we want to do what we can to keep our
actions in line with overall clinical course. That said, many treaiment guidelines/ algorithms for this sort of
thing include eyclical proning on some sort of schedule,'™ so it may be worth scheduling these transfers in line
with transport capabilities (i.¢. with no capacity to transport a prone patient, simply wait until it's supine time
and make it happen then),

When it comes to the physical process of flipping someone over, there are a number of techniques and
tools than run the gamut from a RotoProne bed'™ to simply using a flat sheet or slider."*” Proning can also be
performed at the time of transfer from one bed or stretcher to another (for example, let’s say we are going from

7 Koulouras & Iriend
articles

77 Bloomlieh) & trien
help continue the strategy

T Olveira & fends, 2017 - And as one example of that, take a look at this protocol; also goes into detail on how to carry out the
physical maneuver and discusses many of the concems that could potentially arise along the way

7 Agir, 2020 - Manufacturer's conlent on this product, just for those who are curious about it

™ Cntal Care & Magor 1 rauma Network, 2015, Crtical Cardsf), 2017 - Two YouTube videos that demonstrate proning a patient
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2016, Henderson & Iriends, 2014 — And for details on any of those concepts, take a look at either of these

2015 - That said, when proning has been initiated it is likely for good reason and we transport people can
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¢ could facilitate this at cither end of the transfer).™" This

a hosputal that doesn't do this to one that does - w
position in our vehicle, we may still get caught up n

means that even 1f we don’t transport a patient in  prone
the process at some pomnt

A few considerations aboul ransporting a pt onated patient
impossible, access to the anterior chest wall (for EKGs, assessmen
thoracostomy. ete ) will be imited. and stretcher/ sled configuration may dictate that the patient be honizontal.
For all of these reasons (and probably a great many others), it may be quite some time (of cternity....) until
his but rest assured that it has been done already '™ and will

aceess 10 the airway may be difficult or
1 of heart and lung sounds, needle

certain programs and crews decide 1o attempt
likely become more common tn years 1o come

—
sal Dirget, 2017 — Another YouTu
1 oon & Boon, 2018 — These guys have both done 1t and prov
as a bit of an overview on the ALI/ ARDS pathol

he video that shows the maneuver while moving a patient hetween surfaces

e a good overview ol the apphication of proming i the transport
ogy we alrcady discussed

setung, as well
14 -
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A Proposed Prg‘mcoll Flc)’wchart_ ’ SH(" \“ﬂ{lk(
- " =

We said dy that thy'goat ol this [carning experience 15 to know cnough about vents that we can
break out of the [cookie cu approach to management and understand why make changes and how that

impact our patienls. That S:l;d. it may help to have a framework to work with while we move towards that goal.
We've tried to create an algonithm that covers all we’ve talked about up to now, that 1s generic enough to apply
1o difTerent machines, and that fits on two opposing pages so that it can casily be utilized as a reference in the
field, Tt’s here 1o help folks work towards a higher level of competency or 1o simply take sume of the load off
of one's mind when things get busy on scene of in transport.

The basic idea of the flow 18 something like this:

l o set the machine up 7]

I address the Three Big Thangs —'P-l

— |

r _._ ifrpllnngsmiuu? i ] ‘

W S

[ fix problems when they conie up 1 |
" — |
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Set the Machine Up

Prep

a. Getareport from sending
b. Do some arthmene: IBW, TV, MV

¢ Assess the patient
d- Consider a strategy

e Check cireut, attach F1COs and HEPA filter,
consider need for HME and/or suction

2. Determine Settings
a. Pauent Already on Vent (see algorithm, right)

b. From Scratch

i Turn on machine and leave at default Age Description Agers) | RR | I-time (s)
mode and control "~ Infant '777@1 month)-1 | 30-53| 03.06
i Dial m desired TV for 6mlkg Toddler 04-09
(or PC ar 10-15eml120) Preachaoler 05-09
: School-aged Child 06-11
i Adjust rale Big Kiddos 0612
I Adults: to MV goal " Preadolescent | 07-14

2 Kiddos: using a reference range __ Adolescent | | 0817
v, Adjust I-time using a reference range Adult D.6:1-7

How to do Vent Stuff

Wikdes (kg) = 2. 3(height i inches) - 60) + 50
W ossa (Kg) = 2.3(height in inches) - 60) + 45 5
TV = 6-8mlkg
MV = 100mlkg/'min

L]

match their seitings can we fiva?
Ve + o

I
E\\‘m:m do that l {_slm_.-ﬂm!n_;f_m:h

v, Leave all other settings at machine defaults unless one of these considerations applics:

Rykerr Medical’s Vent Management Guide

Keep Things Going
1. Set (and Troubleshoot) All Alarms
2. Consider Pressures (every time vitals get reassessed)

Paramcter o |  Normal | Actions
Peak lmplr:mry Pressurc (l’ll‘) « 1<.mll 0 | consider pnlmlul r Juscs (lnng and :imlv issues) by chcc]un[, I‘p]lr

] -Inrcat_c_ T\r_{“ o
Plateau Pressure (Pplat) <m0 | consider pul:nufl cages (lung issues)

| decrease TV ar ff |

AutoPLELP

none merease LL (Ipwer RE, shorter -ime)
consider madyerient tnggenng. inal VO ifin PC, avord high PEEP
disconnect circunt to allow exhal

_i)mmg Pressure (Al')

<I15¢emH,0 decrease TV or PC S
consider more PLLEP and permissive hypercapmia

consider recruitment mancuver

Mean Atrway Pressure (P,.)

not apphicable | momtor for trends and investigate further

3. Make Adjustments Moving Forward

Strategy

T'hings to Do

Strategy | Things to Do

Obstruction

Acidosis
normal value

| inciease L (21 5) by .h'mrw.-'su;g RR 1nnd‘;my'lt 1time also), then titrate TV (o1 PC) up 10 maintain MV as
| able. consider less PLEP

11y potension [ i prep. increase TV and then decrease RR 1o maintain MV
use high end of TV (goal): 8ml’kg IBW, increase RI: pre-intubation rate, to get prior/ bcul FICO3, or double

ALL ARDS | higher PEEP

3. Initate Venulation (¢lamp tube if concerned with de-recruitment)

Address the Three Big Things

General Stuff

1t oxygenation is all good, go down on FIQ: (maybe all the way to 0.40) and recvaluate
consider increasing T'V to safe Pplat and acceptable AP

Obstruction use drugs (in-hine neb consider K for analgesia/ sed. c(u;))

ensure no AutoPEEP develops
- il hypercapnia develops and no AutoPEEP noted, consider moving towards normal LE

Hypotension use caution with PEEP to improve oxygenation

consider lluid and/ or pressors
- if perfusion improves, consider working towards normal seltings to avoid higher Pplat and AP
Acidosis maintain increased MV goal (minimum 200mUkg/nun)
o also ider Winter's Formula to guide
AL/ ARDS

consider titrating TV down to Sml.kg,(lhen Aml/ kg\l‘n maintan AP <15eml ;0
increase PEEP (0 maximize oxygenation, consider sicpwise approach
consider eeruitment mancuver if hypoxia persists

Paramcter | Assessment Normal Actions - o ]

Oxygenation SpO: 93-99% Low: consider position & suction, ncrease 10y, increase PEEP, increase
I-time, consider pathophysiology’ medications
High' decrease 103 (unless contraindicated, 1 ¢ pregnancy, anemia,
hemorrhage, TBI, shock. etc )

Venulation EtCO; 35-45mmHg | Any abnormal value: consider etiology/ patient compensation for acid-

(low end for TBI) | base imbalance (may be best lell alone)
Low: consider perfusion status, decrease RR (monitor MV), then consider
decrease in TV
High increase TV (max 10ml/kg, monitor Pplat), then consider increase in
RR
My 100mlkg/min | Low: increase TV and/ or RR
|| xwihacdesis) | High consider patient comfort, decrease 1V and/ or RR, consider SIMV
Comfort Ramsey, al provider analgesia & sedation, consider settings (MV and [-ime), also consider
ANVPS, cic discretion accidental triggenng
- 116 -

Fix Problems When They Come Up

ucute deterioration: wif to do!?

[ start with the basics ABCs
use alarms to guide reaiment

aldress the l'hr’rc Hig nm‘g‘j

e — e — . S — ,
Tung ssues ‘ | 1
abdominal disienlion’ asciles T o| condar positioning !
stelectasiy # recruil some alveol I
AutoPEEP * increase | B ratio, disconmest aircust. maybe drop PEFP ¥
chest wall bum I -« escharotomy |
prcumonia = utilize PEEP 10 displace fluid I
ucumothorax [ - remove from vent, aeedlc decomprossion. chest tube insernon 1)
pulmonary contusion ¥ conuder ALVARDS strategy
pub'mmndr.m J 'J utihze PEEP 1o dusplace thud |
——— 1 — e — _—
alrway issues | ! |
sxtion (prevent farher aspuration). consler ALUARDS straegy ||
fix with drugs, implement obstruction sirategy
1 + address comfort (barieg), swap tube [wmdhng stuck) |
— | » axtion |
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Suggestions for Further Reading

Just some suggestions for further study based on what kind of medum someone 1s looking for. This s
not an exhaustive hist, but just some places to start for getting better at the management of vented patients.
Audio/ Podcast g
EmCrit Dommaung the Vent Seuies + l* 'IP') < Ff{ F" L' rr
FlightbridgeED Vent Senes

Video, Vent Specific

Strong Medicine Series on Mechanical Ventilation

Ihoracic org Videos on Mechamcal Ventilation

Video, Physiology

Ninja Nerd Science, section on Respiratory

Kahn Academy, section on Advanced Respiratory System Physiology
Text, Web-Based

Deranged Physiology, section on Respiratory

Rebel EM. Simplitying Mechanical Ventilanon

Text, Books to Buy

Ventilator Management: A Pre-Hospital Perspective by Enc Bauer
Vent Hero: Advanced Transport Venulator Management by Charles Swearingen

(B0 § L,
[)\.Jal" 3'-5 BJT
& ) “|,fﬂs

- 120 -

Rykerr Medical's Vent Management Guide

Appendix
Alveolar Gas Equation

The alveolar gas equation allows us to calculate the partial pressure of oxygen in the alveoli in a given
set of circumstances. We used this cquation to get values listed in some of the graphics throughout this manual

| ATM = 760mmig

PO, = 160mmHg
PCO, ~ 0 3mmHg at the alveolt
PO, = 100mmbig
PCQ, = 40mmHg
" puls y capill
R PO, - 40mmli{g
PCO, = 45Smmig

because there 15 an open system between the ambient air and the alveoli,
the overall pressure at the alveoli s also 760mmHg, howeves the partial
pressures of the components arc different along the way

/)

The equation goes like this:'™'
M
PAO; = FiO2Paw - l’@) — (PaCO2/RespQ)

PAQ; is pantial pressure of alveolar oxygen
Fi02 is fraction of inspired oxygen, 0.21 for ambient air
P is atmospheric pressure
Pizo is partial pressure of water vapor at the alveoli, 47mmHg
PaCO: is as measured by ABG (or approximated from EtCO»), we'll say 40mmHg
RespQ is respiratory quotient and is assumed o be 0 g™

Given that Resp Q = 0.8, we sometimes se¢ the equation simplificd as so:
PAO: = FIOAPan - Piizo) =1.25(PaCO:)

And since Pum, Pioo, and PaCO; are all held constant in our thought experiments:
PAO; = FI0:2(760 - 47) - 50
PAO: = FiOx(713) - 50

But back 10 our original equation:
PAO: = FiOa(Pum - Pizo) = (PaCO2/RespQ)
PAO: = 0.21(760 - 47) - (40/0.8)
PAO: = 100mmHg

1 Yartsev, 2019 - He's got a good graphic that shows the alveolar gas equation with all parts labeled. maybe makes a bit more sense
{ 10 the visual lcamers than how itis represented here
f,( i 4 patel & Bhardwaj, 2018 - These guys describe the details behind this “respiratory quotient” idea; maybe not relevant to our
| discussion of vent stufl, but good nerdy details for those who want more (another oplion would be to find yoursell an exercise
L physiology textbook, hikely 1o be some mtel there)
-121-
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Other iterations of the alveolar 2as equation that we demonstrated in the manual are shown here:'*

PAO: at 100% or FiO; 1.0 (no PEEP)
PAO; = FIOx(760 - 47) - 50
PAO; = 663mmHg

PAO: with S5¢m PEEP™ (room air)
PAQO:2 = FI02760 (+ 4) - 47) - 50
PAO; =10ImmHg

PAO: duning inhalation (20emH >0 of pressure, no PEEP)
PAO; = FIOx(760 (+15) - 47) - 50
PAO: =103mmHg

So we can use the alveolar gas equation to solve algebra problems in an effort to show how things like
110 and PEEP affect PAOs. And then if we know how much oxygen should be getting to the alveoli and can
measure how much oxygen made it into the arteries (PaO; from a blood gas), then maybe we can understand
something about the efficacy of that exchange. To say it another way, the idea is that we can use values for
PAO; and PaO; 1o inform us on what is going on with a patient in reference to the movement of oxygen from
the input of our vent system into the bloodstream. Values like “*A-a Gradient” and “&/A Ratio™ attempt to do
just that. Now there are some limitations to both of these values and their application may be limited in the

1r.nh|mrt setting, so we won't get into the detail here ~but-know-that-there-areagreat-mony-resowmecsont there

lo_nvestpate-turther. *
Y o) Fotme—the

1** And this was back in the scction on Oxygenation (& Sp0);)
1 Just a friendly reminder that Seml1O is roughly 4mmllg
- 122
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Mechanical Dead Space

In order to determine the effect of mechanical dead space, we first need to know how much volume each
of the extra components takes up. This varies a lot depending on which specific device we use and can be
found on the product labels that come with those devices, but we'll just generalize it here:

'
1
\ F1CO, detector: Sml
1

other potential things
in-line suction contrapion/ angle: Sml

flexible angle adapters: 10m!
filter: 50ml or more!
HME: 35ml

total estimate: SOml
(exchuding the filter, since we ofien put 1 elsewhere)

distal bitof ET wbe
2ml for the adapter, plus
the tube sell (2ml)

Now let’s say we want to figure out 1o what effect 50ml of added dead space impacts ventilation (and
our perception of that venulation) in our patients. No this gets a little weird and the math takes a few leaps of
faith along the way, but let's follow along and then compare what we come up with 1o data after the fact. Also
note that we are going to introduce a few new ideas here and that we will get more into those in the very next
section:

assume a patient of 65kg IBW
being ventilated at TV 6ml/kg (390ml) and RR of 17
MV calculated = 6630ml/min

now we already said a [ew things about this:
Alveolar TV = TV = Anatomic Dead Space
and this dead space is approximately 1/3 of TV
50 Alveolar TV = 260ml
Alveolar Minute Volume (VA) = RR x Alveolar TV
in this case VA = 4420ml/min

and if we add 50ml more of dead space into the situation
Alveolar TV = TV — Anatomic Dead Space — Mechanical Dead Space
so alveolar TV = 210ml
VA = RR x (Alveolar TV - Mechanical Dead Space)
in this case VA = 3570ml/min

We already know that there can be a discrepancy between these two versions of VA, the one with
mechanical dead space left out and the one with it included. But now let’s consider the idea that the amount of

f’v..; CO: produced per minute docsn’t change from case to case, rather it’s simply the case that less of that CO; gets

exhaled. So how much CO: gets left behind in the system what and kind of effect does that have on the body?
To answer the first question, let’s look at the following relationship:
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v, EiC0, - PECO,

™~ EtCO,

Now there are two versions of this formula that use PACO: and PaCO: rather than ELCO2, but it has
been proposed that this representation might be of value in calculating dead space in practice. 18 So simply for
the sake of this example, we will go with that. Now that PECO: value is something we haven't discussed yet; it
is the mean partial pressure of CO: during exhalation. A normal value is around 30mmHg and it could also be
calculated based on the idea that a normal fraction of expired CO, (FeCO2) 1s about 4%:"*

PECO: = FeC Oz (Pan — Puaier)
PECO: = 4% (760mmlg — 47mmllg)
PECO; =285

now if we use that value and the previous equation,
we can solve for an expected EICO: in either of the dead space cases in question
only anatomic dead space:
130 _ EtCO, — 285
390 EWCO,
EWCO: =43

with mechanical dead space added in:
180 _ ECO, — 28.5
390 EIC0,
E1COx = 53

Now a difference in EICO: of 10mmilg doesn’t necessarily mean that a corresponding quantity of CO2
remains in the blood and impacts the body. The purpose of this exercise was simply to show that the potential
exisls for a buildup of CO2. In the transport setting where E1CO2 monitoring is routinely used to assess
ventilation, we would simply increase MV to bring that second value into a normal range. But let’s suspend
that idea for just a moment longer and consider what impact this might have if we failed to do that. In a study
published in 2006, ™" researchers looked at this very problem and determined that removing 115ml of dead
space from a circuit resulted in decrease in PaCO: of 1 lmmiig and an increase of pll from 7.30 to 7.38.
Furthermore, they were able to do that yith less MYV. Now this was in patients with ARDS in which one of our
concerns is the amount of air nee maintain ventilation and consequences of that air on the patient’s
pulmonary system, but the findifghpfe pretty significant.

Now back to our discussigh and application to the transport setting. We said jusi-a'moment ago that we
could potentially avoid this ir fased CO; relention by monitoring E1CO2 and increas)r ]MV to accommodate.
But the truth is that doing so isn’talways a benign thing. Going up on TV or PC ch increase pressure (Pplat
and AP), while going up on RR has the potential to cause discomfort and increase that %TaDP concept. 1% 8o if

we cuuliiulmﬁc €O while simultancously avoiding all of those things, this scems like a pretty good reason Lo
be conscious of adding unncccxsa? thingsAnto the yent circuit whenever possible.
7 /7
sy p kel ieeped
17 §iobal, 2016 — This 1s a theoretical thing and would require further experimentation, but it serves the purpose of showing 1o what
cxtent dead space might impact quantitative measures of FLCO, all other things beng equal
18 SeyMed, 2018 - Good reference for calculations and normal values for all things physiology
1% Hinkson & friends, 2006 — Small ssmple size, but significant findings that support the 1dea of limiting mechanical dead space
1% And refer back 1o those respective sections for more: Platean Pressure, Driving Pressure, Combort, and 1lypotension
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Onc last thing about all of this in regard to kiddos on VC ventilation. We mentioned way back when'”!
that it's OK if our calculated MV is larger than our goal MV because of some complications posed by dead
space. We want to revisit that 1o show why that is and how we can mitigate itall. The example was a 4 year
old kiddo of 18kg:

TV = 6 - 8mlkg IBW
TV =6 - 8ml x 18kg
TV = 108 - 144ml

MV goal = 100ml/kg (IBW) /min
MV goal = 1800mI/min
MV goal = 1.8L/min

MYV calculated = RR x TV
MYV calculated = (20 — 28)/min x (108 - 144)ml
MYV calculated = 2160—4032mUmin
MV calculated = 2.2 — 4L/min

Just as with the adult patient, we have anatomic dead space that is always there and then mechanical
dead space that we add in. But we never did consider that the vent tubing itself has some flex to it. 1f you look
closely on the label of your vent tubing, it may say something like “compliance 0.0008L/cmH0." So let’s take
that hypothetical example and run with 1t:

let's go witha TV of 6ml/kg (108ml) and a rate of 24
MYV calculated = 2592ml/min
VA =RR x (TV - Dead Space)

to summarize all the dead space components:
we know we have about 36ml (1/3 of TV) anatomic dead space
let's say 20ml of mechanical because we have a pedi HME and EtCO; detector
and let’s assume a AP 12embhO to get to our TV goal
0.0008L/cmH20 x 12emH20 = 10ml
total dead space = 36ml + 20ml + 10ml
total dead space = 66ml

VA = 24/min x (108ml — 66ml)
VA = 1008ml/min

1 I the section A General Veot Strategy
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) Now i this case the VA is probably a smidge low (MV goal was 1.8L/min), but we could then look at
Ve and EICO: to ttrate up 1o an appropriate level. But what if this had been an 10kg one-year-old?

TV 6mlkg = 60ml
total dead space = 66ml
which basically means no actual ventilation!

and even if we drop the HME and assume no mechanical dead space in that sense
total dead space = 36ml + 10ml - 46ml
MV goal = 1000ml min
VA = 30'min x (60ml - 46ml)
VA = 420mlmin
we are sull cutting it pretty close and will have to titrate up on MV pretty quick

So the moral of the story here 1s that we should either ventilate these kiddos in PC mode (to bypass this
vent cireunt stretcher dead space concept) or start at a higher end of normal TV (SmLkg) and be ready 1o quickly
2o up on MV as soon as mitiating ventilation in VC mode (based on VTe and F1CO2). As we said before, there
15 no right or wrong 1o this, so long as we know the consequences and correct actions associated with whatever
choice we make
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Age-Based Settings

In an effort 1o make recommendations about vent settings for specific age groups, specifically RR and [-
time, here’s how the process went

1. Make assumptions: .
a. “Normal Respiratory Rates™ as outlined by PALS are good enough to work with'*
b. Normal RR range for an adultis 12-20 (cited in many, many sources) )
¢. A normal LE at rest’ spontancous respiration 1s 1:2, but we often work with a ratio of |3 for
vented patients'”!

2. Fills the gaps in the PALS “Normal Respiratory Rates™ data set:
a. What gaps?

= e

no mfo for the
B-9 year range

Lollat
l

P
** And while there are gaps in their data, we can fill that 1n —so-e-weaest [ 5
" And this may be by convention of leaving I-time set al a given value, not necessanly because Wlhmg we ought to be doing,

but regardless, we'll get a range of possible values using both 1:2 and 13
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b Plot the existing data using both high and low ends of RR by age, make charts, then add hines ol

best fit
7 Chart ) Chart1
IN jo
. ITET . © W N
» "oy I“ [N
| e
o "
: { .
i.u . e | o i Y e
" "
1 e 12 . W
} £} 3
. 0
“ . [ . “ . . T e TR
Ags (ewn) Age ven)
Chart 3 Chart d
T el
i e | B e
L |3
ilu e i . .
A e,
.« wite
i—. . . !-- . .
i . .
. ’
Ags tyvany) A yean)

Rykerr Medical's Vent Management Guide

3. Do a lot of calculations (for I-times):
60s + RR = time per cach respiratory cycle
Ex. For adult (low end RR): 60 + 12 = 5s
Ex. For adult (high end RR): 60 5 20 = 3s

[-time - time per each respiratory cycle + number of parts in that cycle
Ex. For adult (low end RR, 1:2): 58 + 3= 1.7
Ex. For adult (high end RR, 1-3): Ss + 4 = 0.8

Therefore I-time range for adults is 0.8 = 1.7s

4 Putall the data (both RR and I-time) into a chart:

¢ Usmg the better fits (exponential regression), solve for the missing data points in the PALS

chart. then add those values i to a new chart (noted in blue):

Age Description | Age(rs) | RR
Infant | 083 (1 month)— 1] 30-53
Foddler | 1-2 | 22-37

Preschouler | 3= 5 B 20-28 |

School-aged Child | 6~ 7 18-25 |

BKddos | s-0  [17-35™
Preadolescent | 1012 | 14-23

Adolescemt | 12-15 | 12-20 |
Adult I N6andup 12-20

I Range here was calculated to be 17-26 (see-Spicadshcet), but we went with 25 since range for School-aged Child was 10 a max of

25 (lus was an arbitrary decision, but makes the final product flow a bit better

- |28 -

Age Description | Age (i) | RR | I-time (5)
Infant 083 (1 month)— 1 | 30-53 | 0.3-0.6_
Toddler 1-2 22-37]04-09 |
_ Preschooler | 3-5 122-28 | 0.5-09
School-aged Child 6-17 18-25| 0.6-1.1
~ Hig Kiddos -9 [17-25] 06-1.1]
~ Preadolescent 0-12  [14-23|07-14 |
~ Adolescent | 12-15 12-20| 08-1.7
Adult 16 and up 12-20] 08-1.7
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